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BACKGROUND AND PURPOSE
0

Evolutionary advances In military communications have not kept pace with the
revolutionary achievements in firepower and mobility since World War 11. Com-

munications to support these elements have been developed by providing an assort-
ment of little communications systems designed to do highly specialized jobs.

The effects of these specialized systems have been duplications of research,
development, and management effort, and operational limitations which deny the use

of the Idle capacity of specialized trunk circuitry. As a result of the lack of flexi-

bility, integration, and standardization in the basic military communications system, 0

the logistic support, training, m'-ntenance, and operations are very costly in terms

of money and manpower.

The Signal Corps has been actively considering hese deficiencies and, in 1954,
tV,3 co'•ncept of a Universal Integrated Communication (UNICOM) System was evolved.

This concept hab been refined by the United States Army Signal Research and Devel- 0
opment Laboratory (USA&MDL). Technical specifications for UNICOM wore prepared
in 1958 and a research and development contract was signed with the Western Elec-

tric Company Defense Projects organization in 1959. The Bell Telephone Laborato-

ries is undertaking to ful'llU this contract on behalf of the Western Electric Company
with assistance from International Telephone and Telegraph Corporation and the 0

Radio Corporation of America.

UNICOM will comprise a complete military communications system covering

the Continental United States (CONUS), the intercontinental area, and the support
regions. It will a*.3o be capable ci extension into the combat areas by compatible
interconnection with tactical communications systems. 0

UNICOM will include transmission and trunking systems, local and long dis-
tance switching offices, and subscriber facilities. The basic p!an proposes that

many forms or modes of communications using either digital encrypted or analog

transmission be handled over standardized channels. Automatic switching will fur-
nish fast, direct service between subscribPr stations and will permit a high degree

of reliability through automatic multialternate routing and redundant netting. The
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plan also provides forhandlirg the large class of connections f.or which the technique -
of message switching Is both effective and economi--il Precedence and security.
features are also included in the system.

To maintain at least minimal backbone traffic capab T;hus in t';e face c[ e."emy
action, UN!COM must be designed to make smcoth and r'apid adpistment to radical
changes la network capabilities, Including changes that result from the most adverse
conditions of enemy jamming and nuclear attack.

The development of UNICOM involves a study of needs, decisions on basic out-
line through examination of system elements, and implementation of these elements
using the latest advances in the art.

The effort under this contract Is divided into two general areas. The first is
the long-range systems engineering directed toward establishiig detailed plans for 0
the over-all system. The second area involves taking all necessary steps to develop
and provide a preliminary engineering Test Model. The two aspects of the work are
being carried on concurrently and are closely coordinated.
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ABSTRACT

In the System Objectives area, Section 1, the major effort was on the coordi-

nation of the UNICOM System Engineering Plan. Several user needs were defined

in some detail. Station arrangements for digital stations were revised during the

quarter.

In the Network Planning area, Section 2, a report on the transmission facili-

ties required for UNICOM Phase I (1965) was prepared. The requirements in the

report were based on 4 switching centers, 440 subscribers, and traffic character-

"istics as defined by the Army Communication System Division (ACSD). A study has

been intiated on the usefulness of a digital line concentrator by computing possible

savings in transmission and terminal facilities for Phases I, II, and III. Traffic

estimates have been startel for limited and nuclear war conditions for Phases I, Uf,

and III. An initial system control plan has been formulated and is being reviewed.

Further work in traffic engineering is reported.

"In the Switching and Signaling area, Section 3, effort was. largely in support

of development and in preparation of additional requirements sections for the Sys-

iem Engineering Plan. A brief study of the switching and signaling aspects of line

concentrators was conducted.and this work is continuing. Studies supporting the

choice of the space-division matrix to be used in UNICOM are nearly ccmplete. A

sEtudy of three plans for signaling between subscriber stations and the switching

center shows a preference for the choice of a plan utiL zing the message channel

for high-speed heading transfer. An initial maintenance and reliability guideline

was issued during the quarter. Several call handling procedures for store and for-

ward service were defined as a basis for preparing program requirements foi" the

central processor store and forward operations.

In the Transmission and Stations area, Section 4, theoretical and computer

simulation work was done on digital modem performance as a function of attenu-

ation and delay distortion over various bandwidths. Objectives for the performance

of digital modems were included in the System Engineering Plan, as have specifica-

tions for digital terminating unit basic optional arrangements and features. Speci-

fications for the auxiliary circuitry of the subscriber set were revised. A study of

the problem of resynchronizing differential pulse code modulation has been com-

pleted.

3



4
Work In Systems Tests and Standards, covered In Section 5, was directed

toward the Test Model test plan, preparations for certain transmission subsystem

ergineering tests to be in.dated before the Test Model is completed, and prepara-
tion of material for military communication standards. In the latter a,7ea, drafts
of Bell Telephone Laboratories work on Sections 3.1 and 3.3 of ,MIIL H8a were drawn
up and the writing of Engineering and Installation standards for Defense Communi-
cation Agency electronic switching centers was initiated. 0

In Design and Fabrication of the Test Model, covered in Section 6, the design
and experimental laboratory work under way progressed as planned. The organi-
zation and requirements of the major equipment d.sign areas were defined and de-
sign of the circuits was detailed. In the programming work for the Test Model, the
functional specification for the operational programs was completed, thus defining 0
","' major tasks which the central processor must perform.

9
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SECTION I

SYSITM OBJEhf!,;VVES

The objectives of efforts in this area are:

(1) To determine the user needs for UNICOM

(2) To specify requirements for subscriber station arrangements

(3) To formulate requirements for system organization and features.

Much of the work consists of consultation on user needs and system features

with the departments responsible for subsystem engineering and development. While

major system features have been established for some time, minor features and

0 services continue to be proposed, defined, and refined. Close consulation at this

stage assures that implementation of the features is consistent with user needs and

system objectives.

The work in.this section is reported under the following heading'J:

(1) User Needs

(2) Subscriber Station Arrangements

(3) System Organization-and Features.

USER NEEDS

During this quarter, work has been directed primarily toward "I) establishing

the details of several specific user needs and (2) identifying those needs of Plose II

UN!COM users that differ from the needs of Phase I users defined !n Zhe re-port for

- the ninth quarter. This work Is reported in detail below.

Specific User 'Needs 0

The followir.g paragraphs describe the results of investigatlo, of features to

fulfill specific user needs.

Hold Feature. This feature permits -t subscriber whd is engaged in a Cate-

gory I (right-of-vay) digital voice call to switch to a second incorning Category I

voice call while holding the first call. Subsequently, he may switch back to the first

S$
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call, and so forth. This means of operation gives a user greater flexibility in deal-

ing with the second call than he would have if he had to terminate the first call In
order to accent the second one. S

Infrequently, it may occur that a third Category I call will attempt to reach a I.

given subscriber. While It is possible to have this call queue after the second call,
tifis potentially involves long waiting times for the calling subscriber, long holding
times for trunks, and a somewhat confu.-ing sequence of operations fnr the called
subscriber. In view of this, a third Category I call incoming to a given station will •
be given a busy signal, at least In the initial implementation of this feature.

In order to conserve trunk usage, ir the initial implementation the hold fea-
ture will not permit origination of a second call while a call iL; being held.

Recording of Accounting lnformation. Budgetary re juirements will necessi-
tate recording sufficient information about usage of facilities to permit allocation
of charges to the agencies using the UNICOM system. The following data are most
significant for this p"irpose:

(1) Calling number
(2) Called number(s) •
(3) Precedence(s)

(4) Handling method (direct or sto.e and forward)

(5) Time of connection
(6) Time of disconnection.

From this datz it Is possible to determine parameters that are significant in deriv-
Ing charges for rendered services. Some of these parameters are: duration of
call, length of haul, Information rate or badwidth, and special speed-of-service
demands.

Required accounting data will be recorded at the switching center on magnetic
tape for subsequent off-line processing by data processing equipment.

Addresses for STARCOM-UNICOM Interconnection. Interchange of traffic
between UNICOM and the Strategic Army Communications Network (STARCOM) re-
quires that stations in each network be addressed in a format that can be handled
by the system receiving the heading.' UNICOM addresses are numeric: STARCOM
addresses alphabetic.

'The discussion under this and the following two topics applies to other networks us-
ing the controlling Allied Conimunicatit-n Publications. ACP 121 Communications
Instructions, General details the manner in which station designations are con-
structed. ACP 127 Communications Instructions, Tape Relay Procedure prescribes
the message heading format and the means oý handling such messages at tape re-
lay centrzrs.

I.



It is tentatively planned to assign addresses in the UNICOM numbering plan to
all stations in STARCOM which may be required to receive traffic from UNICO0
stations. It is also planned to assign addresses in Allied Communica'lon Publica-
tions format (ACP 121) to all UIICOM statPons which may be required to receive
traffic from stations using that format. The second lf:r in the ACP 121 format
would designate that the address is for a UNiCOM subscriber, while the third letter
would designate the geographical location of the serving UNICOM switching center.

Both STARCOM and UNICOM directories would need to list the appropriate
staticns in both networks.

Further study of this topic will be continued during the eleventh quarter.

Equivalence of STARCOM and LUNICOM Precedence Levels. When SrARCOM
traffic is passed to UNICOM, it does not appear necessary to apply to it the much 5
more stringent UNICOM delivery criteria.

Table 1-1 shows 'hat UNICOM Category II delivery time is equivalent to the
requirement for the top three STARCOM categories, UNICOM Category MI for
STARCOM priority, and UNICOM Category IV for STARCOM routine and deferred. I,
UNICOM Category II traffic does not, howe /er, pre-empt facilities as does traffic
in the top three STARCOM categories.

Table 1-1

UNICOM AND STARCOM DELIVERY TI HE CRITERIA 5

STARCOM* UMICOM
Category Delivery Time Category Delivery Timet

Emergencyt 5 minutes It 6 seconds

Flasl4 20 minutes II 2 minutes

Operational-
Immediatet 30 minutes MI -30 minutes

Priority 4 hours IV 4 hours

Routine 8 hours
S

Deferred 12 hours

*For traffic between Department of the Army or Joint Communica-
tion Agency and cryptographic sections of primary and major re-
lay stations serving m.zior headquarters or areao as defined in
TMII-490-1.

tApplies to var,-!ng perc :ntages of the total traffic in each category.
TPre-emption of faculties used by low-precedence traffic author-

ized.

7
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Further study must be undertaken to determine how STAPCOM precedences
should be treated in UNICOM.

Treatment of STARCOM Security Indication. In the ACfl 127 heading format,
the letters ZNR indicate that a i;essage can be transmitted over non-secure facili-
ties. The actual classi'ication of a message appears a.s the first phrase of the text.

In STARICOM, all secure facilities are authorized to handle both Secret and Confi-
deitlal traffic.

It is expected that some UNICOM subscriber extensions will be authorized
to rcei-,e classified traffic up to Confidential only. A message from STARCOM
without the ZNR pro-sign might be classified either Secret or Confidential. To

avoid the very uedesirable necessity for reading the text, messages from STARCOM

without the ZNR indication will be delivered only to UNICOM stations that are autho: 0
Ized to handle at least Secret information.

JCSAN Implementation. Work has been initiated to determine the nature of
the user needs if the functions of the Joint Chiefs of Staff Alerting Network (JCSAN)
were to be Implemented by UNICOM.

Restoral of Allocated Circuits. Study of the nature of the need for automatic
restoral of allocated circuits has been initiated. The first step was to identify and
explain the reasons for those applications which in present-day r: litary networks
employ ailocated circuits rather than direct or store and forward service.

Analog User Needs. A study of Switched Circuit Automatic Network (SCAN)
subscriber (eatur, has been started. The purpose of this study Is to aid in the
determination of JNICOM analog user needs. The assumptions of the study are
that. (1) SCAN series a reasonpl•e cross sectior of military users whose needs
can be handled on an ,r!_g oasis and (2) SCAN provides features and services
which, In various combinations, mve' a substantial part of the needs of such users.

It appears that most of the analog services and features proVided in SCAN must also

be made available in UNICOM.

Autumadie Ancillary Dev:ces. Questions on the nature of automatic ancillary
devices, particularly unattendea monitoring stations, have been formulated. -An-
swers to these quentions wili form the basis for further analysis and review.

Printed Narrative Ccnferencing via Store and Forward Operation. Work has
been initiated on a study of the feasibility of conducting teletypewriter conferences

by means of store and forward (S/F) methods. The purpose of this method of oper-
ation would be to utilize the speed of UNiCOM S/F handling in order to reduce the

very long circuit holding times usita'!y occasioned by teletypem "iter conferences. 0

8

0



S

Phase Ii User Needs

The subscriber list for UNICOM Phase 11 has been examined to determine

whether any subscriber categories other than those served in Phase I need be
served. Subscriber categories for Phase I were described In Appendix iA in Vol-

ume II of the Progress Report for the Ninth Quarter.

It appears that the only additional category in the U"INICOM subscriber llst that

can )-e identified for Phase 1f Is that of the command post. It Is assumed that, in

Phase 1I, the command post "user" may utilize some of the newly developed cpera-

tion centers, such as the Army Tactical Operations Centers (ARTOC). Work de-
fining needs of such command posts will le continued in the eleventh quarter.

SUBSCRIBER STATION .'RRANGEMENTS

Work durlng this quarter was primarily directed toward (I) preparation of
detailed requirements for the arrangement at digital stations and (2) resolution

of security aspects of new station features.

Arrangements at Dlgitat Stations

A revision of the section of the U.MCOM System Engineering Plan (SEP) deal-

ing with digital subscriber station arrangements has been virtually completed. It
contains considerable zdditlonzý deta.ls about the method Co use of the station by the

subscriber. The following pazagraphs summarize its conclusions on selec'ed

topics.

Lamp Dislays. On cautgoing als, lamps will be lit in the appropriate ccrn-
ýrol pushbuttons to indicate operation of the pushbutton. In general, signals from

the switching center will control lighting of lamps confirming receipt ° -ecurity

category and special security handilng instructions, while local circuits Wdl light
the lamps associated with controls for precedernce and message handling.

Voice-Data Operatior. Voice-data opet ation wIll be p.ovided for connections
that do not require the insertion of vocoders at switching centers. To permit the

switching system to set up connections without vocoders, the station must signal

Its switching center when a voice-data call rather tVtan a voice call is desi ýed.

Switching between t~ie voice and data -acdes will be by mzual pushbutton operation
at each station.

Hold Feature. The telephone control set will have a "call waiting" lamp to

Indicate when a Category I call is camping on. T'rrse stations authorized to have
the hold feature described under specific user needs will have a hold key. Overa-

tion of the key followed by harg-up puts the original call into a held condition, and

9
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permits the waiting call to be completed to the station. Tbe "c.'ll waiting" lamp
wii z•ain be lit to indicate that the first call is now waiting. Operation of the hold

key awid hang-up places the second call in a held condltion, and allows the first call

to complete again, and so forth. Hang-up wMttut prior operation of the hold key

disconnects the call.

S

SYSTEM ORGANIZATION AND FEATURES

Work during the tenth quarter was directed primarily toward (1) revising ex-

Isting sections and formulating other sections of the U-MCOM System Engineering

Plan (SEP), and (2) considering problems extending over two or more subsystems.
S

UNICOM System Engineering Plan

As described In thŽ Progress Report for the Ninth Quarter, the UNICOM SEP

is being issued in d-'aft form, a section at a time. Drafts are updated as required;

the final plan will be issuei at the end of the project.

This process is serving several purposes. Not only do the latest draft sec-

tions serve to integrate the ,arious parts of the UNICOM system, but also to estab-

lish up-to-date requirements for Test Mode. development.

Problems Extend'ng Across Subsystem Interfaces

A major portion of the effort in this area was directed toward ine concentra-
tors. Factors affecting d4-cisions regarding their use were ex.mined and further

studies of the suoject have been initiated In the switching and signaling, network

planning, and development areas.

PRURAM P•". THE NEXT IN'TERVAL

User Needs

Consldera.totr of needs relatitg tr, interconnection with SCAN and STARCOM,
implementation o! the JCSAN function, restoral of allocated circuits, service to 0
analog u.ners, c'anectlon o! automatic ancillary devices, and the handling of printed

narrative (PN) conferences will be continued.

User needs for Phase IM users will be studied. A consolidated statement of
user needs for all UNICOM phases is expected to be issued by the end of the eleventh
quar t r. Information -n mobile users will be sought and theinr needs studied.

10
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Subscriber Station Arrangements -

Work will continue on refinemert of requirementr for digital sta' ion arraNe-
ments. The SEP sectlon on this topic Yilll be reissued early Mn the next quarter.
Analcg station arrangements will be defined.

Hurnan fact',rs engineering work on station arrangements will be cortinued.
An objective will be to specify mock-ups for subjective tests of user reaction to
station arrangements. S

A study of ancillary devices will be initiated with the objective of e -.termlPing
(1) which devices have to be served by UNICOM and (2) what new device,, will be re-
quired to meet UNICOM service objectives.

Sys.em Organization and Features

Work on the UNICOM SEP will continue as a major effort. Examination of
system interfaes and consultation on problems extending across subsystems is
expected to continue.

A task force study o' the specific problem areas associated with providing
graceful degradation of tl'. UNICOM system confronted by transmission impair-
ments will be initiated. The security plan for UNICOM is being revifed with the
objective of Issuing the new plan during the twelfth quarter.

S
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SECTION 2

NETWORK PLANNING

S

The objectives of network planning are (1) to determine the basic netbork
structure including the traffic lead, .ers, and network layout; (2) to devise a plan

for controlling the UNICOM system to give the best service to the most Important
traffic, even under heavy loss of facilities; (3) to develop traffic engineering data
and methods. Digital computer programming and simulation are required to sup-
port the above. The work is reported under the following four areas.

(1) Basic Network Structure

(2) System Control

(3) Traffic Engineering

(4) Programming and Simulation.

BASIC NETWORK STRUCTURE

The objective of this work is to determine the approximate network. la-ou4ts
required to handle the estimated traffi, in each of the phases of UNICO• imple-
mentation, with consideration given to economy and survivability.

The major results achieved during the tenth quaxter, v.hich are given in the
following paragraphs, related to:

(1) Documeating tie Phase I implementation pla-,

(2) Documenting the determination of *u.rICOM and STARCOM srrvivability
uxder nuclear attack

(3) Examining the usefulness of digital line concentrators in UNICOM.

.Pha~�, '.pltmentation Plan

This pliLn presents the transmission capability required for UNICOM Phase I
(1965) based on 4 switching centers, 440 subscribers, and Zraffic characteristics
as defined by the Army Communication Systems Division (ACSD). The primary re-
sults of this determination were summarized in the report for the ninth quarter.
During the current quarter, the results of the study were presented orally to ACSD
and a written report was prepared and submitted.

13
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The plan Is, of course, based strictly on the current traffic requirements, In
which every subscriber line inust be secure. The traffic includes only commazd,
control, and Intelligence latormation. New tralf1h: data are being prepared, which
"-till Include some digital triffic of an admlnistr-itive and lcgialic nature and also
some analog traffic. Changes ini required transmission facilities for different num-
bers of switching centers or subscribers, or dlferent engineered traffic Icads, caa
be accommodated in a reasonably straightforward way, based on the methods al-
ready documented.

Survivability Computations

The ninth quarterly report summarized survivability calculations of the ex-
pected Phase I and Phase II versions of UNICOM, STARCOM. arnd the.combination
of UNICOM and STARCOM. The survivability was computed in terms of the attack
price; that is, the number o! ballistic missiles with nuclear warheads, of specific
yield and specific circular probable error, that would have to be committed to in-
sure the~destruction, with a prescribed probability, of the system's ability to pro-
vide critical communications. The critical communications are those required
among key users of UNICOM to provide controlled command of retaliatory forces
after a nuclear attack. The principal unclassified conclusions of the work were
stated in the ninth quarterly report.

During the tenth quarter the detailed results, on which the conclusions were
based, were presented orally to USASRDL representatives. A written report is
being prepaxed to document these results.

Line Concentrators

The Phase I implementation plan has indicated the possibility of substantial
savings in required transmission facilities in Phase I if digital line concentrators
were available. For example, for a four-switching-center Phase I network, the
use of concentrators could save about 140,000 circuit miles of 2.55-kbps loop facii-
"ies or about 30 percent of the total loop and trunk circuit miles required (50 percent
of the loop miles). However, Phases iI and IlI are also concerned, aad it is essential
to calculate possible savings during those phases and also the total savings over the
expected implementation per.od.

Acco'dingl., a study has been initiated to compute the savings in transmission
facilities and lIle termination equipment, based on the expected implementation
schedule. The initial work on the study has been based on the current traffic and
the user requirements. Early results of the work indicate savings.in all three
phases. In Phases I and I1, the savings are primarily in required transmission
facilities, whereas in Phase HI the savings appear in both the transmission facilities

14
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and the transmission terminal equipment, including key generators. The study Is

continuing and is expected to be reported on during the eleventh quarter. 0

Other Work

In addition, work has been initiated on traffic estimates for limited and nu-

clear war conditions for Phases I, 11 , and III, to supplement the existirg co!d war

data, for Phases I and 1, based on ACSD irdormation. This work will continue into

the next quarter. Tentative layouts for Phases II and Il, based on the cold war data,

have been mtde in connection with the concentrator applicability study. These lay-

outs have indicated that, with concentrators, about 40 switching centers will be re-

quired in Phase I. 1

SYSTEM CONTROL

The objective of the work in this area Is to prepare a plan specifying the local

and over-all system control measures which would allow the UNICOM system to

give the best service to the most Important traffic, even in the presence of severe 0

traffic overloads and/or grave damage to the system.

The- principal result achieved during the quarter was the preparation of the

initialI -istem control plan which was forwarded to USASRDL in draft form. As its

name implies, this document Is an initial version of the system control plan and 1

conta!ns the presently expected solutions to the system control problems. Many of

the decisions have had to be based on the results of preliminary analyses, and work
is procedlng to detail and verify the expected so)utions and to examine some of the
principal alternatives.

TRAFFiC .ENGINEERING

The principal problem here is to develop trunk engineering methods and data

which will differ in two ways from most commercial practice. Trunk groups must

be engineered to speed-ool-service standards, as required by SCL-4083A and, as •

Indicated in the preceding paragraph, it has been concluded that a symmetrical

trunking scheme Is required in order to have the best network survivability proper-

ties. The methods available in the art for engineering. trunk groups in a network

are largely confined to probability of blocking under a busy-signal-for-blocked-calls

metlhod of operation and to hierarchical alternate routing. (A blocked call is a call

which cannot obtain a connection immediately. ) Methods of engineering are being

devised to allow for these two differences which, unfortunately, are not completely

separable.
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4
For englneerlr4 to speed-of-service criteria, an alternative method, an ap-

proximate one, has been devised for transforming speed-of-service requirements
into equivalent blocked-call specifications and then applying known procedures. A
computer program has been prepared to make the transformaticn, and a simulation
will be initiated shortly and the results used to determine if the method is accurate
enough to be useful.

PROGRAMMING AND SIMULATION

During the tenth quarter, work was continued on the series of traffic simula-
tions and related programs begun during the ninth qu3 rter for guidance in the system
control and traffic engineering areas. These were d1escribed in the ninth quarterly 5
report. One new simulation with its related program has been started. In the fol-
lowing summary of the work done, the first fivev programs bear the same numbers
as in the nirh quarterly report, and the sixth is the now onie.

(1) Mixed Traffic Simulator. This program measures the effect of serving
both direct and store and iorward (S/F) traffic on the same trunk group.
The program was completed during the ninth quarter, and test cases
were run during the tenth quarter to determine the accuracy of previous
approximate theoretical results. This study verifies the accuracy esti-
mates made in the theoretical work and shows the thoeretical results to
be less sensitive to the approximating assumptions than originally thoughL

(2) Direct Traffic Alternate Route Simulator. This program simulates alter-
nate routing of direct traffic In a generalized network. The extension of
this program to encompass those situations in which routes are selected
on a stage-by-stage basis has been completed, and the program is being
used extensively in the system control effort. A further extension of the
program, which will allow alternate routing to depend partially upon the
Instantaneous condition of the local links, has been flow charted and Is
being coded. This extension of the basic program, and other similar
extensions to follow, will be useful in lending itisight into the effectiveness
of load-dependent alternate routing, which is at the heart of the more com-
prehensive system control schemes.

(3) Precedence Simulator. This program determines, from simulation, the
delay distributions when traffic of different precedence levels is offered
to a trunk group. The section of this program which is capable of slmu- S
latlng head-of-the-line priority systems has been completed, and a num-
ber of cases have been run off to compare the results with those of the
priority caalculator. A close correspondence resulted. The pre-emptive
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section of the program is still being code checked, and a memorandum

report Is being prepared to describe the results and the program.

(4) Priority Calculator. This calculation of an approximate solution for a

head-of-the-line priority queueing problem based on a published o-oriiula

for the average delay was completed during the ninth quart'ýr. During

the tenth quarter, extensive tests were made and the results compared

with those of the precedence simulator. The results showed excellent
agreement, suggesting that the approximation used in the priority calcu-

lator kmay possibly be an exact result. A memorandum report of this

program and the results will be prepared during the eleventh quarter.

(5) Indirect Traffic Alternate Route Simulator. This program will determine

indirect traffic delays for different alternate routing schemes. Flow 0

charting and coding were completed during the tenth quarter, and code

checking has begun.

(6) Retrial Simulator. This program, which was started during the tenth

quarter, will determine the delay distributions experienced by two prece-

dence classes of traffic which are offered to a simple trunk group under 0

a retrial discipline. In this discipline, calls which cannot obtain immedi-
ate service are offered again after a fixed interval, which, in this model,

I, either constant or exponentially distributed. The retrial interval is
also being examined for suitability as a variable to affect system control.

The delay distributions of-each of the precedence categories will be ex- 0

amined and the program extended to encompass more complicated trunk-

ing patterns. The program has been coded and is presently being code

checked.

S

PROGRAM FOR THE-NEXT INTERVAL

Basic Network Structure Area

Work will be completed on documenting the survivabilitj calculations.

Work will be completed on the study of line concentrators showing the extent

to which savings will appear in Phases I, U, and III as currently defined.

Work will be initiated to determine the additional digital traffic of an adminis-

trative and logistic nature from users in the current list in both Phases I and II.

Also, additional traffic from analog users will be estimated and stibmitted to

USASRDL for approval. To the extent practicable, the computations of line con- 0

centrator applicability will be made to reflect these modified user and traffic as-
sumptions.
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System Control Area

Work will be completed on a study of the reliability cf traffic measurements
and their application to UNCIOM system control, as well as on a preliminary e7-

* amination of the behavior of networks using different alternate routing doctrines.

Work will be initiated Jn the planning c(, a large simulation to test the performance

of the contemplated UNICOM network and system control.

Traffic Engineering Area

Work wils be continued on the development of a method of engineering non-

hierarchical alternate routing networks. Work will be initiated on a simulation

program o' aszertain the usefulness of the approximate method which has been de-

vtsed to relate delay ergineering to blocked-call engineering in a complex network.

Pr•gramming and Simulation Area

Work will be continued to complete and extend the programs described under

programuming and simulation and to use them in the furtherance of the system con-

trol and traffic engineering efforts. S
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SECTION 3

SWITCHING AND SIGNALING

An objective of the systems engineering effort on switching and signaling is
to provide support for Test Model development. Support in the switching and sig-
naling area will be required throughout the UNI.COM program. A second objective
is to prepare requirements for UNICOM field Installation equipments in the form
of standards or specifications for switching and signaling. A final objective is to
fit the Test Model concepts Eo implement Phases 1, II, and MI UNICOM installations.
The work is reported under the following headings:

(1) Switching Requirements and Method of Operation

(2) Switching Matrices

(3) Signaling and Supervision

(4) Central Processor

(5) Store and Forward Operation.

During the tenth quarter most of the work was directed toward support of Test
Model development and toward preparation of detailed switching and signaling re-
quirements for inclusion in the System Engineering Plan (SEP), which is the medium
for documentation of these specifications.

SWITCHING REQUIREMENTS AND METHOD OF OPERATION

Method of Operation

The work of detailing the method of operation of UNICOM calls has continued

during this period. This work Is directed toward providing a description of tIM-
COM call haadling procedures for inclusion in the SEP. The method of operation
will include a textual description of the manner in which the various classes of calls
are completed in the UNICOM system, as well as a sequence chart version of the
steps performed in the completion of calls. It will also include, in graphic form,
a summary of features available to UNICOM users for various classes of calls.

The purposes of the method at operation study are as follows: (1) the inter-
action between the various components and subsystems will be indicated and avy
mismatch which may exist at the interfaces will be found by describing the
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sequential steps necessary to complete the various classes of calls and (2) it will
be possible to determine how the UI4COM system fulfil!s u3er ne.ds by summariz-
ing the oper-.tlonal features available to UNICOM users for various types cf calls.

A demcrlption of several of the basic types of digital CalU3 has been prepared.
These will now be updated to reflect the recent work on signaling method3. The
four of the more general call sequences which have been described in prelimin,.ry
form are as follows:

(1) Digital voice call (vocoder or PCM)

(2) Digital printed narrative direct call

(3) Digital printed narrative store and forward calls that do not carry right-
of-way (ROW) precedence

(4) Digital printed narrative store and forward ROW multiJaddress call.

A preliminary version of a graphic representation of the features for va-icus
classes of calls has also been prepared. This takes the form of a series parallel
combination of paths similar to the graph of a switching network. Each alternative
service feature is represented by a branch on the graph. These branches are en-
tered at nodes which represent points at which decisions are made as to alternative
features desired. The number of possible paths through the graph represent the
number of possible types of calls available to UIJICO'M subscribers. The number
of possible paths is large enough to make it apparent that the preparaton of a sepa-
rate written description for each identifiable call type is not a feasible undertildmg.
However, it will be valuable to write descriptions for a few of the basic types which
include each of the branches identifying a separate service feature.

Line Concentrators

A review of the varioms methods of handling switching and signaling with re-

mote line concentration has been made. Factors such as the siLe, i.e., number
of lines and trunks to be switched, the method of control, the effect on system sur-
vivability, the problem of reliability, and the needs of security equipment were
considered. Based on this review, a set of specific requirements for a remote
line concentrator is being prepared.

Briefly, these requirements call for a concentrator capable of serving up to
32 lines on a group of up to 16 concentrator-to-switching center trunks. The unit
will switch digital lines of the 2.55-kbps rate. A maximum of one full duplex facil-
ity between the switching center and the concentrator will be used for control pur-
poses. This control facility may or may not be needed, depending upon the method
and complxity of the concentrator control. The final method of control will depend
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upon the added cost of • control circuitry at the concentrator versus the cost cf
"an additional secure c" "' facility. For survivability reasons, provisions could

be made to automaticalty switch idle concentrator trunks throuTh to a lImited num-

ber of prindipal lines. This will provide direct connections for these lines to the

switching center in case of control failure.

A memorandum containing these requirements, along with preliminary con-

centrator arrangements, has been prepared. At the present time a more detailed

study of a specific method of concentrator implementation Is under way to deter- S
mine the advisability of using remote line concentrators with the UNICOM system.

Sw!tching Requirements

Several additional sections have been prepared for the switching center por-

tion of the SEP. These sections represent requirements which L.ad not been deter- •

mined at the time the original material was assembled.

A section on traffic measuring has been prepared. This section dlescribes

switching office requirements for the collection of statistiral performance data con-

cerning the traffic offered and handled. These permit the determination of the

amount of traffic; traffic flow, load usage of trunk groups, and the like, for active

administrative purposes and engineering future facility additions.

"In general, the central processor will collect and store the details of the vari-

ous measured traffic items. Thd traffic information will be produced as printed

outputs by one of the appropriate following methods.

(1) On demand by special supervisory console control keys

(2) At periodic intervals under control of the central processor

(3) On an off-line basis trom data stored on magnetic tape.

The more import nt items to bi: collected will consist of call counts of the following: p

Total originating messages and calls completed

Total originating attempts

Total tnrough-switching attempts (interoffice trunk to interoffice trunk)

Trunk group call and overflow counts

Count of no-circuit overflows

S/F total messages

F/F total attempts

Call count of preamble cl-eck failures

(all count of calls affected by Category I pre-emption.
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Magnetic tape output records for use in cif-line processing for automatic message
accounting or for allucation df cosZs will be provided. These records will include
the items lIs~ed in Sectior. I under User Needs, Recording of Accounting Information. 0

The supervisory console requIrements section of the SEP has been revised to
reflect rtceznt systems engineering wor)' and dev,;cpment effort. The new ccncept

separates the requirements for local supervisory control from those of tne over-all

system supervisory control as described in Section 2 under System Control. The 0
local control portion will include the display and control functions necessary for the

control of the local switching center and the trunk groups radiating from that switch-

ing center. Status informaUon on traffic load conditions will also be displayed or
printed out at this position. In addition, facilities will be provided to Introduce

program changes such as line load control and alternate routing modifications.

The over-aU system control functions will be provided for certain UNICOM
offices which will be able to act as regional control offices. Although a separate

console may be necessary in a few centers, It is presently recommended that an
additional area on the local supervisory console position or a build-out of this posi-
tion be utilized to provide over-all system supervisory functions. 1nformation will 0
be transmitted to the regional control offices on request or on a periodic basis to -

provide the loaO status and working condition of all local switching centers and
trunk links within the regional area. Within any one regional area, several centers

may have regional system control capabilities. This will be necessary for reasons
of survivability should a normally designated center no longer be in operating con- 0

dition.

Interconnection with Other Systems

The problem of interconnections with non-UNICOM commmilcation systems
Is being investigated. During this period the work has been principally confined to 0
the exchange of traffic between the UNICOM and Switched Circuit Automatic Net-

work (SCAN) systems. Three methods have been considered. These include an

operator assistance method, a double dial tone method using exit codes, and a sin-
1le dial tone method.

The first of these requires all Interconnection calls to be routed to an attend- 0
ant who, in turn, checks the security categories and precedences and can also, if
desired, screen calls during periods of traffic overloads. This method of inter-

connection requires a minimum of equipment for implementation and is simple in
operation from the user's point of view. Each of the interconnected systems can

have its own independent numbering pia-i.. While the use of the operator assistance •
method has advantages, especially when the volume of intercor.necting traffic is
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very low, it becomes unsatiafactory and expensive when large volumes of intercon-

nectiun traffic require tie services of a number of operators.

The full dial operation methods have advantages when traffic volumes are 0
"-rge, Of these methods the double dial tone method is least expensive and most

izxible in numbering plan arrar.gements. The flexibihicy and equipment simplicity
is achieved by requiring the user to key an exit code, following which he again re-

ceives dial tone and proceeds to key directly into the connecting system. This
method does, however, require a larger number of di•its to be dialed and burdens S
the user with interpreting the differences in call handling capabilities between the

networks.

The single dial tone method, which enables the usei to dial the full heading of
the called line immediately upon receiving dial tone, removes several disadvantages

of the double dial tone arrangements by increasing logic requirements in both sys- 0

tems. The single dial tone method will require either the use of exit codes or a

common numbering plan for all interconnected systems. Of these two methods, the
use of exit codes is p. eferred since a common numbering plan will make it neces-
sary for the user to dial a greater number of digits on all calls and will complicate

the administration of directory number assignments and changes. 5

Since the traffic requirements for interconnecting traffic are not available at
this time, no final decision as to the optizium method can be reached. Current
plans for the Test Model call for the traffic attendant to handle Interconnection

traffic as indicated by the first method described here.

A section describing the requirements for interconnection is being prepared
for inclusion in the SEP. It will bp available early in the eleventh quarter.

SWITCHING MATRICES

The space-dlvlsiwn switcb!ng matrix now being developed for UNICOM has been-
pre- iously described.1 It is referred to as a single-sided, four-stage folded matrix
and Is cornpobed of 8-by-8 switches using four-wire ferreed crosspoints. All lines,
trunks, and other termlnations are wired to one side of the matrix, and a connection

may be established as required between any two of them through eight crosspoints
and a wired junctor at the opposite side. This matrix was chosen for implementa-
tion in the Test Model because previously existing knowledge in the field of space-
division matrix design indicated that it would be an excellent choice to meet UNICOM

J. F. Devereux, "SDS Matrix," UNICOM Progress Report fOr Seventh and Eighth
Quar.ers, Vol. II, Appendix 8G.
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requiremeits. However, more exact data on the blocklrg characteristics bf this

matrix were needed for engineering UNICOM switchlng centers in Phases II and MII.

Analytical methods available today for he determination of blocking character-

I.tics of switching matrices are not powerful enough to field meaningful results when
applied to matrices of this type. Consequently, a new approach to the analysis was

required. The method used was a simulation technique using IBM 7090 facilities.

The program developed to do this Job is 7. new contribution to the art and will consti-

tute a valuable addition to the technical literature. The program is easy to apply,

is very flexible, and is applicable to a wide variety of switching matrix configura-

tions. Because the program was so successful, it was decided to make a minor ex-

tension o[ t ie original objectives to compare the single-sided, four-stage folded

matrix with other matrices to see if some other solution would better suit UNICOM

needs. Very little additional effort was required to check the blocking characteris-

tics of a number of other four-stage, three-stage, and two-stage matrices.

One item of future work on the space-division matrix will be the development

of guides for detailed engineering of space-division switching matrix equipment for

Phases U] and mI of UNICOM. The number of registers, senders, and so forth, will

be determined as a function of switching center size and offered traffic load. Later

these results will be used in the detailed engineering of UNICOM switching centers.

It is anticipated that the program developed as a part of the work accomplished will

find extensive application in the future. One very likely application is ir, the study

of the time-division switching matrix.

SIGNALING AND SUPERVISION

A study of three plans for signaling on digital lines has recently been com-
pleted. As a result of this work, the use of both the message (M) channel and the

supervisory (S) channel for signaling between Lmwitching centers and digital staticns

is being contemplated. The three plans that were studied and the reasons for thls

Lpproach are discussed below.

In the first plan studied, all signaling was confined to the S channel. Informa-

tion to be transmitted was coded in four-bit groups. Since the four-bit groups per-

mit only 16 signals to be transmitted, the code structure was expanded to take ad-

vantage of specified heading sequences and also to use "shift" signals analogous to

the "upper-case - lower-case" signals used with teletypewriters. Error protection
was provided by transmitting each four-bit character twice, in successive frames.

In the second plan, signaling was als 'confined to the S channel. However,
information to be transmitted was coded in eight-bit groups. Therefore, this plan
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required a framing strzcture which covered twice the interval presently being con-
sidered for UNICOM. Error protection was obtained by using one of the eight bits 0
as a parity bit and by "'spacing" the useful codes within the 128 that remained so

that the probability of misinterpreting codes In the presence of noise was consider-
ably reduced. Since more codes iere av'iiable, neither sequencing nor shifting
were required In this plan.

In the third plan, both the S channel and the M channel were used for signaling. 0

In general, the S channel was used only for supervision and for information that had

to be transmitted in the presence of messages. Call heading and other information

was transmitted in the M channel. Information was coded in eight-bit characters on
the M channel and it was assumed that one of these characters could be transmitted

in the eight bits immediately following any subframe pulse. In the S channel, four- •
bit characters were assumed to be sent twice as In the first plan. Again, neither

sequencing nor shifting were required.

Table 3-1 shows a comparison of the three plans. The first part of the table

briefly summarizes the plans and shows ths. number of signals that were provided

in each. The extra, code required in Plan I in the direction toward the switching •

office was one of the shift signals referred to previously. In this plan, only four

spare codes were available in contrast to the greater numbers shown for Plans II
and EI. Although modification of Plan I, to provide more shift codes or to permit

multiple shifts, might produce a few more spares, the plan as it stands has little
room for future expansion. As the table shows, both Plans H and II have consider- 0
ably n-o~e unassigned codes available for future use.

In Table 3-1, station complexity is compared only in relative terms. The

figures were derived from estimates of the circuits required in the logic and switch-
Ing portions of the station auxli1ary equipment. Key generators, vocoders, modems,
and the like, were not included, nor were the station control sets. Since the figures 0

shown are only estimates, they are subject to error, which might easily overshadow
the small differences that are Indicated.

At the switching center end, the principal differences among the three plans
arise in the S-bit assembler and in the framing circuits. Plans IH and Hn both re-
quire modified S-bit assemblers. In addition, PNan II requires a framing structure

twice the length of that used in the other plans, and therefore some increase in re-
framing circuitry is required to maintain refraining intervals of about the same
duration as obtained with Plans I and IM. The cost differences at the switching cen-

ter are, of course, diluted in proportion to the number of lines served by the equip-

ment. 6

Another aspect of comparison among the plans is the speed with which each

can transmit a one-digit destination code. As discussed earlier, Pian I uses four
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S bits per character and repeats each code. Since there are fcur S bits in each
frame, this means that at least two frame-times are required to transinit a one-
digit code. At 2.55 kbps, two frame, '.t 107 ms. However, the user may not S
press the button Just at the beginningg of a frame, and it may take as much as a full
frame to bI31n transmission of the d T-. This leaids to a maxdmum time ct three
frames, or 160 ms. On the average, 22-1/2 frame-times, or 134 ms, would be re-
quired.

S
In Plan 11, eight S bits are required for each chara'cter. Since characters are

not repeated, the minimum time for this p.ba Is the samte as for Plan I - 107 ms.
However, the maximum time is longer, since it miny be necessary to, wait an addi-
tional two foamnes before the digit can be trams.mitted. The maxltauzs iime would
thus correspond to four full frames, o: 214 mas. On the average, tiree fr-ame-times,
or 160 ms, will be required.

Pl,.i MI is considerably faster th-a eil.;ter of the other two. The eight-bit digit
codes are sent in the message channel and require only half of a subfraine, or about
3 ms, for actual transmission. It may be necesary to wait a full subframne before
transmissioe, can begin, however, so that the inagrnumn time to transmit a one-digit
code would be 10 ms. On the average, one subframe, or about 7 ms, •;•ill be re-
quired.

.Several recent investigations of subscriber keying performance were studied

in an effort to define requirements on signai.ng speeds. These studies shed some
light on speed requirements, and although they are not directly applicable to the
UNICOM case, they indicate that about 1 percent at 01l calls might have consecutive
digits dialed in less than 150 ms. On this basis, Plan I Is marginal, at best, while
Plan II is unaccepiable. Plan III has margin to spare.

It would be possible to improve the performance of Plans I and II if sufficient
buffer storage were provided at each station to accept Ae information at the rate 5
it is generated and to transmit it at the r-ate obtainable with each plan. However, it
appears that in the case of Plan U, the cost of extra buffer storage will more than
offset the small cost difference between it and Plan IlL. On this basis, and because
it requires the special double frame, consideration of Plan H was eiscontinued.

Plan II is more destrablp than Plan I for the following reasons:

(1) There is a great deal more room for growth in the code structure of
Plan III than of Plan 1. This is especially important in a rew system in.

which all of the required customer services wy izct be known unti lonrg

after the first installations have teen made.
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(2) Plan U1K is significantly faster than Plan I. While this Is important to the

user, it may be even more important to fast automatic machines. In any
case, it seems especially desirable to provide more than simply "adequate"
speed in a brand nzew system.

(3) T.-e ability in Plan III to signal in th!e M channel should be extremely valu-

able in making maintenance and security checks.

(4) The switching center equipment used for signaling for lines and trunks
using Plan M would be similar.

(5) The difference in cost between Plans I and MI Is negligible.

During this quarter, effort was also applied to signaling on digital trunks. As
discussed in the ninth quarterly report, studies indicate that the message channel

must be used for digital trunk signaling, on those trunk groups lacking a 1. 2-kbps

S channel, if the speed-of-service requirement for Category I traffic is to be satis-
fied. During the ninth quarter, a number of signaling plans using the message chan-
nel were examined on the basis of their ability to meet the Category I speed require-
ment under error-free, non-blocking conditions. Several of the plans were found
to be satisfactory. However, the fastest connection set-up time, 1.3 seconds, was
found to be obtained when call-wire operation is used; I. e., when one trunk between
switching centers is assigned to handling signaling exchanges exclusively. The
other methods, all of which involve only part-time use of the message channels of
individual trunks (for transmitting and receiving headings), had connection set-up p
times ranging from 4 to 6 seconds. While the call-wire method was fastest, the
full-time allocation of a trunk for this purpose cannot be justified in UNICOM since
al2 traffic estimates to date indicate that such a channel would have very low occu-
pancy.

During the tenth quarter, plans for signaling between switching centers were
studied further and the following plan Is being recommended for consideration for

UNICOM.

(1) Normally, one trunk of a group between switching centers will be set up
and designated as the signaling trunk. It will handle all heading transfers
between those switching centers and will also carry almost all other inter-
switching center signaling. One exception is the transmission of signals
used for supervising the individual trunks which will be handled via the
individual S channels on the trunks. A trunk set up as a signaling trunk
between offices will not be disconnected from the signaling registers until
It is the last available trunk in the group and is needed for handling a call.
At this time, after handling the signaling pertaining to that call, it will
then be used as a normal message facility. The first trunk in the ,roup
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to become idle after this occurs will be established as the new signaling

trunk between those switching center3. More than one trunk may be as-

signed to inter-switch~ng center signaling if this is required, as long as

it does not Interfere with the handling of traffic.

(2) Where a 1.2-kbps S channel b×V.. b-./.veen switc;i ng center 4, It will I.-

used as a call-wire to handle all signaling between those switching centers

during times that all message channels are busy. 0

This plan for inter-switching center signaling, in most instances, will have a

connection set-up time of 1.3 seconds or lezs. Furthermore, transmission capacity

is not "wasted." In the most critical case, that in which an ROW call encounters all

trunks busy at each switching center in a nine-link connection and none of the nine

have a 1. 2-kbps S channel, a signaling trunk would have to be established using pre- 0
emption at each switching center. The total connection setup time would be inl the

4- to 6-second range referred to earlier. However, even in this highly improbable

situation, the speed would be acceptable under good transmission conditions. In the

majority of cases the connection set-up time would probably be less than 1.3 sec-

onds. 0

CENTRAL PROCESSOR

Maintenance Guideline

Work was completed during the quarter on an initial issue of a maintenance 0

and reliability guideline L'.r UNICOM. It is well known that maintenance costs of

complex electronic equipment operating in the military establishment are high and,

in fact, that these costs over a period of years often exceed the original cost of the

equipment itself. An objective of the work on maintenance and reliability is to

minimize these costs. Although these lower costs may not be observable until the 0
maintenance effort required for the system in actual operation is evaluated, it is
necessary that maintenance and reliability considerations influedce the design of

the Test Model at this time in order that the model be as close to prototypf, as

possible.

UNICOM must be a very reliable and maintainable system and must allow 0

essentially zero down time. The material contained 3n AppsndLx 3A furnishes a

guideline for reliability and maln:ainability of UNICOM and presents some desir.-
able objectives in these areas. It contains definitions of reliability, maintainability,

system down time, station down time, error, fault as they apply to UNICOM. It

presents objectives for reliability, fault detection and diagnosis, and repair time. S
It points out the various factors to be considered in the design of the switching
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center eqjuipmend, Including equipment design factors, prcgram, design factors,

system design factors, and security aspects of maintenance.

Further work on maintenance will be required throughout the contract period
to expa•:d th!s guideline. Major emphasis of the work thus far has been on the
m ti-itenance of the switching center equipment. Future. work will be epanded in
s•,pe to furl.'-h guidelines for other areas such as transmission and staticn equip-
ment.

STORE AND FORWARD OPERATION

During the tenth quarter systems engineering effort has been directed prima-
rily toward specifying additional details of the operating requirements for store and
forward (S/F) message handling. This detail Is needed to guide the preparation of
programming specifications for the central processor S/F operations, and to achieve
a reasonable design balance between hardware and programs. Some of the requirP-
ments which have been established are reported below. These and others will be

made a part of the SEP.

Tape Files

When the drum system approaches capacity, complete messages with the new-
est filing time and lowest priority will be unloaded from the drum to the overflow
tape. When the system is emerging from an overflow condition, messages which
were retained on the drum can be sent faster than those which overflowed onto tape
because of the time required for tape search. Therefore, it will be desirable to
send from the drum first those messages which did not overflow. Meanwhile, the

drum will be refilled from overflow tape. Also, old messages should bi sent before
new ones of the same precedence, as it is undesirable to receive newer messages
before the older ones if the text refers to the same subject matter.

Transfer of messages to overflow tape as described above occurs only when

the system approaches capacity. In addition, two tape entries are made for each-
normal store and forward message handled. One of these is the recording of mes-
sage text on the permanent file tape and the other is the entry on a journal tape of
the complete record of how each message was handled. Transfer of messages to
permanent file will be made before entry of the transfer record is made on the
journal tape. Except on high precedence calls, this transfer, is also made before
sending the message out on a trunk or line.- When the transfer has been made, a
time stamp will be entered in the call slot of the call store, The call slot also con-
tains heading information, originating subscriber number, filing time, and message S
number. Transfer of the call store information to the journal file will be made as
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early as practicable in the message processing sequence. For purposes .-i message

retrieval, a label on the tape ree' supplemented by a manual inLex entry epecilles

the time spanned by that particular reel. Thus a particular reel %'an be identified.

The reel would be placed on an active tape machine and a htgh-spee'l forward search

made for the message number. Entries i.t the journal Wile t:Npe will be r'idee !or S/P

messages only and an entry will be made only once for each message after delivery

to all lines or trunks for which the switching center is responsible. The jcurnal

file entry shall contain at least the message heading, the date and time at which the

text Is stored in the S/F permanent reference file, the UNICOM reference number

used to retrieve the text, and Allied Communication Publications (ACP) 127 mes-

sage channel numbers if they are used.

Message Blocks

In transferrhig a message from one S/F unit to arother in a different switch-
ing center, the originating central processor will signal the number of blocks to be

transmitted along with the message heading and other supervisory information. By
comparing the intended number of blocks with those actually received or fr',rd in
error at the receiving S/F unit, the central processor can more readily insure that
parts of messages are neither last nor associated with the wrong message.

The number of repeated attempts that the switching center performs on a mes-

sage must be limited to prevent excessive repetition from overloading facilities.

The limit is stored in the central processor memory and is alterable by local super-
visory control procedures. No specific number of attempts has beet; established,

but this will be done as more information oci error perfor-ance of tr'ansmission
facilities becomes available.

Manual Intervention

Requirements for central processor actions to provide administrative print-
outs are being specified. For example, LU a message Is not dei-,cred in the time

specified in SCL-4083A, It is proposed to print out on the traffic attendant's printer
pertinent message data from the message processing (MP) slots. This information
will include message identtfication including reference numbers, originating sub-

scriber identity, and the reason for failure of the most recent attempt to deliver
the message automatically. This will allow the action taken by the attendant to be
guided by knowledge of the current status of the network, 2s well as by information
regarding the particular message. Eyamples of such reasons for failure3 to auto-
matically deliver messages are destination busy and destination on unattended sta-

tus.
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Repeated printouts Of Wh3 information w11l occur at Cd týgiate~l tinie. for mls-

sn"zes thit 1-ive becn left In the storage. 7"ile desij~nated times will be stored in t~'e

pe-vanpt oazt cf the c~entrail proceessor memnory and W'11 be alterable by nia,'ual.

co-.tQuI proce~.ures. The central pr-ocessor is expected tG caiitlnue its attempt to

riel, er meý.agis that have timed out in this manner.

The attendani's ronsole %,ill provide a feature that enables the attendant t,)

redirect Itt.e message by 'na3ig the zetrieval process to prepare a newly addressed

message, He shculd also be ;eble to cancel the message that cannot be delivered

so that tixe heading is cleared from the call store slos and sei~t to the j~ournal file.

When an undeliverable message has been printed out ior display to an atten-

dant, fncilitits will be provided to allow.~ new headings to be introduced from tile

operating console. Messages can thus be rerouted by the operating persor-nel in

aiccordar~ce with prescribed administrative procedure. What; condition's waryantS

thatt subsequent i~tessages should also be rerouted, changes can ,also be made quickly

in tne routing direciory so that unnecessary prifitouts can be avoid.ad.

To pre% ent burdening transmission facilities with misdirected mebsages, head-

ing legality v'.ecks will be made prior to transmission of an S/F message. Mes-

sageai which contain vara.nt code or non-valid address cides will therefore usually

remain in storage at the originating office until correction is made by the traffic

r-ttendant with or without the aid of the criginacing szibscriber. Other mismatches,

si~ich as those whiich exceed :he security authorization of the originator, will be de-

tected at the originatirig office.

riessage Tra.ffic Measurements

Traffic meastwe'nent data pertinent to the S/F message~s have been sipecified

in dAetail and will be included in Section 5.5.17 of the SEP. The arrangements

recommcr.ded permit deteru~iratlon cl the arnoa'.nt of traffic, ti-affic flow, grade of

service renderea, load u-sage oý trunk groups for active aeoninistrative purposes

andi serve as a basis for engineering of future additions. Tragfic mneasurement= ::e-

quirements are dlscu-ised mare fully in this section wider Switcning Requirementdt

and Method of Operatitn, Line Concentrators and Switching Requiremants.

le ewri'terConverters

'When a iO0Q-wordi-per- atilmte tt~letv.pewriter is used, at a UNICOM station,
its output, will rao~uiate the 2.4-kbps or the 38.441bps signal to the switching cen-

ter~ at an average rzte of 74.2 bps). For store and forward operation, a converter
is required between the time-division switch and the stor- arnd forward unit to
rer~oginize the sturt element, arid furnish sa~npling pulses to the store and forward

unit. Rc-quirernents for the design of these con~vrters have been formulated. They
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will accurately convert 74.2-1ks signals which have suffered as much a3 40 per-

cent distortion. Converters will be arranged so that 2.4-kbps five-unit code prLnted

narrative OPN) stations can exchange messages with 74.2-b'ps sta' 4ons via the'S/F

units.

Store and Forward Traffic Routing

To insure that the central processor memory organization and program struc-

ture include provision for tables and programs necessary to route S/F traffic in a

manner which may be different from that used for direct traffic, some principles

of D/F traffic routing have been established.

Substantial differences will exist between the Test Model and field installa- S
tion in regard to routing procedures. These differences are largely due to the fact

'that routing in a single switching center must be simulated by assigning different

office identities to various terminals in the same physical office. This will require

looping back of transmission facilities. The exact routing rules utilized at a par-

ticular center will depend largely on the environment of that center. Therefore,

geaeral principles must be set down which will allow programming effort to pro-

ceed and which will still be fiex;ble enough to cover the variations we can reason-

ably Pxpect to meet in the field installation. It is desirable that the Test Model be

able to demonstrate the handling of S/F calls with up to five addresses by the follow-

Ing three methods:

(1) Simultaneous seizure of five stations

(2) Automatic conversion to five single address messages

(3) Extraction of two or three loczl addresses for handling by method (1)
or (2) and forwarding the remainder to other S/F units.

The use of one or all of these methods at a field installation will depend npon the
position of the switching center in the network, the facility layout serving the switch-

ing center in terms of geographical distribution of subscribers and other switching
centers; and the nature of the message as to priority, destination, and mode. In

addition, a method of intermixing direct and S/F calls on the same trunks will be

used.

One of the principles which should guide the formulation of specific routing

rules for a given switching center Is the avoidance of extenisive use of tandem stor-

age in view of economic and operational penalties in the amount of storage required
and in switching time. ljw precedence messages, however, should be tandem

stored where necessary in order to cancentrate the load in a larger switching cen-
ter where high-speed facilities are available and the S/F traffic is intermixed with

direct traffic over these facilities. This will lead to an increase in the efficie.c.
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of the trunk groups and will reduce the relative percentage of time occupied by

switching and signaling functions. The general rule for higher precedence traffic

is that speed of service is paramount and a message should be advanced as far as

possible through the network with the minimum tandem storage on the first attempt.

By defi;,itiun, S/F metsages will be handled on, ard engineered for, a delay

basis. Therefore, they should be restricted to a single primary route with one or

more emergency alternates. One of the functions of the system supervisor will be

to make routing changes of this nature. In locations where trunk layout is severely

limited, it will be necessary to allow S/F Categories I and II calls to automatically

alternate route in order to meet speed of service objectives.

PROGRAM FOR THE NEXT INTERVAL 0

Work planned in the switching and signaling area during the eleventh quarter

includes the following items. The output of this work will be primarily in the form

of revisions to the SEP.

(1) Continuation of the detailing of the method of operation for various types

of calls

(2) Further detailing of the design of a digital line concentrator applicable

to UNICOM

(3) Specification of additional switching and signaling requirements and

methods tor interconnecting between UVICOM and other systems 0

(4) Further definition of requirements for automatic restoral of allocated

circuits

(5) Completion of the analysis of the traffic handling capability of the space-

division matrix 0

(6) Appraisal of the traffic handling capabilities of the time-division switch

(7) Resolution of the method for switching and multiplexing 652.8-kbps data

in the switching center and of multiplexing 40. 8 and 2.55 kbps

(C) Resolution of the requirements for and methods of signaling on analog

lines and trunics

(9) Investigation of methods for digital signaling over degraded transmission

facilities

(10) Continuation of maintenance and reliability planning to include the role

of the central processor in the test and .main•tenance of circuits which

connect to it
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(11) Determination of the requirements for communicating between central
processors In diff:erunt -.-,vitching cani.rs in carrying out service channel
functions 0

(12) 'Evaluation or va c••us zmethods for exchanging Information between the
S/I" r.•,"uies and 'he central .,-ccessur

(13) Analysis of the security features and capabilities of the S/F units

(14) Specification of the requirements for message block identification on

interchanges of S/F measages between switching centers.
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SECTION 4

T.',NSMISSION AND STATIONS

S

Progress on the transmission subsystem is reported in the following catego-
ries: transmission engineering, transmission facilities, and digital sigra! convert-
ers. A discussion of station engineering is covered under digital stations, analog

stations, and ancillary devices.

TRAN3FASSION ENGTNEERING

i Lines
Work has continued on the problem of transmitting 2. 55 kbps over long trunks

which include land )ines and 3-kc submarine cable channels. Delay and attenuation-

distortions of submarine cable channel filters have been measured. Based on these
measurements, a 10 to I reduction in delay distortion is required on the submarine

cable link of a combined land-line - submarine-cable trunk with the carrier at
1912.5 cps. With the carrier shifted to 1700 cps, only a 5 to I rýduction is needed
on the submarine cable link. The latter is to be preferred because design of a pre-
scription equalizer to give a 10 to 1 reduction is complicated by variations from chan-

nel to channel in characteristics.

Interconnection to Other Systems

Transmission aspects of interconnection between UNICOM and Switched Cir-
cuit Automatic Network (SCAN) have been considered. These are straightforward •
for voice, teletypewriter, and analog signals. Consideration is now being given to
other modes of transmission such as data and vocoder speech signals which ]nay re-
quire interconnection between SCAN and UNICOM. This will assist in the solution
of problems of interconnection with other military 'networks. A problew with vocod-

ers operated from voice signals supplied by interconnecting systems is mentioned a
under vocoders in the discussion of Digital Signal Converters.

T'ANSM•ISION FACILIT'.ES

Modulation Studies

The expected performance of the four-phase, single-carrier data modem

chosen for use In the Test Model has been exami.ned in the presence of envelope
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Figure 4-1. Four-Phase Data Modem Ferformance
in Presence of Delay Distortion

delay distortion. Experimental measurements and theoretical cakxdations have been
made. The results are shown in Figure 4-1. The reduction in tolerance to noise is
a measure of the required increase In signal in the presence of envelope delay dis-
tortion to retain the same error rate as that which occurs with no delay distortion.

The measurements and calculations are based on a parabolic curve of e-ive-
lope delay vereus frequency with 2 minimum delay at the carrier frequency f c vnd
delay distortion D at frequencies of I• C p, where p is the pulse rate or one half the
bit rate. The calculations assume a raised cosine pulse spectrum at the data modem
demodulator input, with maximum energy at fc and zero energy at fc * p.

The measured and calculated results agree closely, and show appreciably

more delay tolerance than tnat reported for four-phase modulation in the Test Model

System Engineering Plan of 31 October 1960. With delay distortion at the edge of

the band equal to twice the pulse duration, the present estimate of the reduction in
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tolerance to noise is 4.8 db, compared with 9.4 db previously reported. The diff.fr-
ence Is partly attributed to a r-vision in calculations and partly to a smai, 3uper!o.--
ity if performance in th. method of modulation, which utilizes phase shift3 of *450

and i*350 (presently assumed), instead of 0, ±900, and 180o (on wvi!:h th6 9.4-db

figure was based).

DigitAl Lines

Some results have been obtained from a program of calculations of perform- 0

ance of the 2. 55-kbps, four-phase diffzrential detection data Modem in the presence
of delay and amplitude distortion. The assumed delay chararcttristics are based on
two modifications of a line characteristic offered by the Bell System, Schedule 4C,

as shown in Table 4-1.

Table 4-1

MODIFIED 4C DELAY CHARACTERISTICS

*,Frequency Band (cps)
Delay Relative Schedule 4C (for

to Minimum (jisec) reference only) Characteristic AL Characteristic Bt

<300 1000-2600 1200-2600 1200-2450

<500 800-2800 1000-2800 1000-2650

<750 - 900-2900 900-2750
<1500 600-3000 800-3000 800-2850

*Characteristic A is Schedule 4C modified to be 200 cps more lealent (less band-
width) at the low end.

tCharacteristic B is characteristic A further modified to be 150 cps more lenient
at the high end.

The results are stated in terms of reduction in noise margin relative to the
performance over a lin with a flat amplitude response and with delay distortion less
than 100 microseconds, both over a band 2. 55 kbps wide centered about the carrier

frequency 1912. 5 cps.

With flat delay distortion (less -a.i 100 microseconds) the reduction in toler-
ance to noise varies from 0 db to 1 db as the flat (loss) band is nrrowed from a
width of 2550 cps to 1700 cps.

With delay distortion characteristic A, the noise margin impairment increases

fro.n 1. 5 db to 3.5 db for flat amplitude response over bands froal 2550 cps down to
1400 cps in width. Similar computations were not made for delay distortion charac-

teristic B.
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The above results were obtaned with flat amplitude response. When, bow-
eier, an amplitude rebponse which contains a 4-db ripple over the band from 500 to

.3000 cps is combined with delay distortion, the reductions in tolerance to noise are

2, 4, and 8 db for flat, A, and B delay characteristics, respectively.

Similarly, art amplitude response v'ith .'b -%Idjce from 853 to 3000 cps gives
noise penalti-as of 1.5, 3, and 6 db, respectively, for flat, A, and B delay charac-

teristics.

The results to date indicate that is important to minimize ripple and slope in

the loss characteristic, particularly in the presence of poor delay characteristics.

However, while these latter results are pessimistic, the computations of the effect

of narrowing the band when the amplitude variations are smali hold out the hope that
narrowing the response band may make it possible to restrict the band over which

delay distortion is critical.

Tropospheric Scatter Radio

The effect of aircraft flying through a tropospheric scatter radio beam has been
studied in considerable detail. Calculations have been made for an assumed aircraft

at various altitudes and for troposcatter systems of two lengths, using frequencies
of 2 krmc and 4 kmc, and antenna diameters of 10, 15, and 20 feet. There has been
some concern that a properly situated aircraft could create a transmission. path of

less loss than the tropo path and sufficiently different in delay to cause lose of syn-
chronization of UNICOM digital transmission when a transition is made from one S

path to another.

An aircraft provides a transmission path by two mod--s: specular reflection
and scattering. The ratios of received signal power for each of these modes to the
signal received over the troposcatter path are plotted versus aircraft height in Fig-
ures" 4-? and 4-3, for assumed radio frequencies of 2 kmc and 4 kmc. The path

l'mngth is assumed to be 100 miles and the antenna diameter 15 feet. The aircraft is
assumed to be directly above the line from transmitter to receiver and to'be flying -

horizontally across the tropo beam. The delay of the aircraft transmission path rel-
ative to the tropo path is also plotted.

At 652.8 kbps the pulse duration is 1. 53 m,eroseconds; thus a change in trans-
mission time of 0.5 microsecond, caused by the aircraft path taking control from
the tropo path, may cause loss of synchronization of the UNICOM. digital transmis-
sion. This relative delay exists when a plane is at an altitude of 10,000 feet in the
examples assumed. At this altitude, with a radio frequency of 2 kmc,.the reflected

path signal is 16 db below the tropo signal and the scattered path signal is 36 db
down. At 4 kine the corresponding numbers are 30 db and 55 db. A reduction in the
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tropo signal of 40 db at 2 kmc as a result of fading and seasonal variation in loss 4
would allow elthsr aircraft path to dominate and cause loss or synchronization.

However, such a combination of circumstances is unli!ely to occur very often.
Results for other values of the parameters are comparable. Thus the calculaticns
reveal tiLit UNI7COM tran3mni3,'.,i at 652.8 kbps will lose synchri'nizatoto for this

reason very infrequently.

Data Test Analysis

Analysis of test results of an AT&T-IBM data transmission program at 2 kbps
has just been started, and a report will be issued in the next quarter. The tests
used a four-phase modem with a design similar to that planned for the Test Model.
Data were transmitted over a commercial circuit about 3000 miles long.

"HF Radio

Work has been started by a subcontractor on a study of the use of HF radio cir-
cuits by UNICOM. The study will explore the feasibility of UNICOM transmission
at 2.55 kbps over world-wide HF circuits, and will evaluate the reliability of such
transmission. Problems will be enumerated, solutions considered, and estimates
made of capabilities of existing equipments to solve the problems. Techniques to
combat- jamming will be considered. The study will culminate in recommendations
for implementation and tests.

Variations in Delay of Transmission Media

A limited amount of data on changes in absolute dulay on carrier and micro-
wave circuits was obtained d',ring this quarter. The principal amount of this was
for TH and TD2 microwave systems. Such data are needed for the design of time
buffers in digital terminating units. Delay changes fall into two categories: very
small changes ( in the order of 50 microseconds) caused by temperature and diurnal
effects, and'very large changes (in the order of 2 milliseconds) on circuits controlled
by automatic switching which causes different routes of varying lengths to be se-
lected. Such switching occurs on the New-York-to-London circuits.

Digital Terminating Units

Detailed systems engineering specifications of the digital terminating units
have been completed and have been issued in the System .Engineering Plan (SEP).

The three types of units are:

(1) The digital terminating unit associated with switching-center-to-switching-
center trunks handling nonmultiplexed traffic or multiplex traffic in which
16 channels of 2. 55 kbps are multiplexed within the switching center
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Work has been started by a subcontractor on a study of the use of HF radio cir-
cuits by UNICOM. The study will explore the feasibility of UNICOM transmission
at 2.55 kbps over world-wide HF circuits, and will evaluate the reliability of such •
transmission. Problems will be enumerated, solutions considered, and estimates
made of capabilities of existing equipments to solve the problems. Techniques to
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for implementation and tests.

Variations in Delay of Transmission Media
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for TH and TD2 microwave systems. Such data are needed for the design of time
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effects, and very large changes (in the order of 2 milliseconds) on circuits controlled
by automatic switching which causes different routes of varying lengths to be se-
lected. Such switching occurs on the New-York-to-London circuits.

S
Digital Terminating Units

Detailed systems engineering specifications of the digital terminating units
have been completed and have been issued in the System Engineering Plan (SEP).

The three types of units are:

(1) The digital terminating unit associated with switching-centei -to-switching-
center trunks handling nonmultiplexed traffic or multiplex traffic in which
16 channels of 2. 55 kbps are mult.plexed within the switching center
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(2) The digital terminating unit associated with the switching center termina-

tion of jubscziber lines

(3) The digital terminating unit associated with the subscriber's station equip-

ruent.

The options provided witnin these units are:

(1) Operational capability with any selected transmission bit rate between
79 bps and d0.8 kbps for any of the units or at 65K.8 kbps. The bit rates

without graceful degradation will be 2. 55 kbps, 40. 8 kbps, or 652.8 kbps.

With degradation, it is expected that these bit rates might be reduced by

factors of 2, 4, 8, 16, 32, ....

(2) Operation with security equipment.

(3) Operation with rate buffers of either of two capacities, one having a capac-

ity of about 25 bits for nonsatellite trunks or lines and the other having a

rouch larger capacity, unspecified at present, for satellite trunks or lines.

(4) Indication of abnormal operation of the modems or digital terminating
urnits, decryption failures, and transmission errors as detected by parity
error checks.

DIGITAL SIGNAL CON v ERTERS

LoDifferential Pulse-Code Modulation

The study of the problem of synchronizing between transmitting and receiving
pulse-code modulation (PCM) converters has been completed during this period. It
is reported in detail in Appendix 4A of this report. The general conclusion reached

is that the method proposed will give very rapid synchronization even during the
presence of speech.

The study by computer simulation of transmission of facsimile by differential
coding has yielded preliminary conclusions. These indicate that such a method
should be feasible with the log-differential coder if removal of the effect of trans-
mission errors within one facsimile scan line is acceptable. If not, and if removal
of such errors is required within a few picture elements, then a change from the
log scale to a zrore nearly linear scale appears necessary. Completion of this work
and a report on results is expected during the eleventh quarter.

Vocoder

The experimental study to determine the feasibility of operating vocoders from
standard teiephone ciccuits has been con:tinued. The emphasis during this period
has been on the investigation of the simpler methods which are based on detection
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and measurement of the fu-d]amental envelope wave. It Is concluded that although
these methods result In adequate intelligibility, the vocoder voice quality WilR be im-
paired. Work havi now begun to Investigate and compare more complex metlhods, in
particular one based on harmcnic Identification. A comrnleted report on this work
is expected to be available at the end of the eleventh quarter.

Facsim!le

In connection with the plan for transmitting facsimile at 2.4 and 28.4 kbps,
described under the paragraph on Station Engineering and in Appendix 4B of this re-
port, a brief study was made of the implications with respect to the standard PCM
transmission as originally proposed for the Test Model. The conclusions a•e that
the same general principles will be carried over to the new rates. Furthermore,
if black-and-white transmission by either one or two digits per sample is found to
be desirable, the same basic PCM equipment with modification or suitable optional
arr.angements can be used. If two-digit samples 'xre necessary, the word synchro-
nizatlon can be based on the same principle as assumed for six-bit wordi. If one-
digit samples suffice, there is no word-synchronization problem.

STATION ENGLNEERING

DIital Station Engineer•x•

Systems engineering specifications for three types-ao subscriber control sets,

and the associated station logic unit have been revised as required by the latest view
of user-need requirements. The revised specifications of the station logic unit and
of the subscriber control set will be issued as a revision of the draft SEP In the
eleventh quarter,

The three types of subscriber control sets provided are:

(1) Subscriber set for telephone service only with and without secretar.al

service

(2) Subscriber set for ancillary devices with keyed heading operation (tlht is,
operation of keys on the subscriber set to supply heading information)

(3) Subscriber set for ancillary devices without keyed heading operztion (that
is, all or most of the heading information contained within the message).

The features provided within these subscriber sets or associated station logic.
units are:

(1) Operation with one to ten ancillary devices, some of which may be tele-
phone sets. A subscriber control set will be used to control each ancillary
device but one control set way serve as many -is four ancillary devices.
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(2) Operation whereby if a vocoder or a PCM converter is required for the
call it will be switched in when the connectien is establishedi and held un-
til completion of the call.

AncmlUary Device Engin.L-.._ng

The two types of ancillary equipments under active consideration at present
are high-speed teletypewriter equipment and facsimile terminals.

A revised plan has been completed for application of facsimile in the UNICOM
system. The plan includes terminals opeating at 2.4- and 38.4-kbps rates, but
none at 9.6 kbps. It is described in more deiail in Appendix 4B. Briefly, this planincludes the possibility of connection to analog facsimile, the transmission of essen-
tially black-and-white material at increased speeds, and the transmission of signals
from types of facsimile units other than the modified AN/GXC-4 selected for the
Test Model.

A study of the best techniques to be utilized for transmission of essentially
black-and-white facsimile material has been continued. These include the possible
use of clamping on the background amplitude and signal-element stretching for nar-
row picture elements. Testing of these principles is cxpected to be carried out in
the e'eventh quarter.

PROGRAM FOR THE NEXT INTERVAL

Work planned for the transmission subsy-st.m for the eleventh quarter includes
the follov~ing Items:

(I) Continued study, including computer calc-'lations, resulting in specific
recommendations Zor methods of transmitting at 2.55 kbps over combiued
land-line - submarine-cable tU.vnls

(2) Determination of the specific features and arrar.,,em-ents required to sup-
port communication modes upon clarification of the modes required for
interconnections between UNICOM and other systems

(3) Study of delay and amplitude equalization of military communication facil-
ities, an-1 consideration of need frz frequency-translating circuits

(4) Conlinued calculations of performance of the 2.55-kbps, four-phase modem
in the presence of delay and amplitizde distortion, with the oojective of
arriving at minimum faciJity spec~iications for 2.55-kbps and 40.8-kbps
transmission

46



(5) Completion of a detailed report on the effect of delay distortion on the per-

formance of the four-phase modern with narrowing of the amplitude re- 0
sponse frequency band

(6) Completion of a detailed report on a theoretical study of possible interfer-

ence to uNICOMi digital transmission over tropospheric scatter radio sys-

tems from aircraft flying through their beam

(7) Completion of the analysis of the BTL-IBM 2.0-kbps transmission tests,

and continuation of monitoring of other data transmission test programs

which are of interest to UNICOM

(8) Continuation of monitoring and reporting on the progress of the HF study

(9) Continued engineering of digital terminating units to determine the require-

ments and desirability of other features such as:

(a) Features specifically provided for fixed delay subscriber lines

(b) Features required for degraded operation

(c) Features required for multiplexing on a 652.8-kbps transmission

facility
(d) Features required for transmitting abnormal or trouble condition In-

dications associated with th%; receive side of the station equipment to

the switching office

(10) Completion of and reporting on experimental studies by computer simula-

tion on facsimile transmission by differential PCM

(11) Completion of and reporting on experimental studies by computer simula-

tion of the use of different compression ratios and of frequency equaliza-

tion for speech transmission by log-differential PCM

(12) Study of vocoder operation at lowered bit rates

(13) Study of possible conferencing arrangements for vocoders

(14) Continuation of the study of vocoder pitch extraction when the vocoder is

connected to stan'dard telephone instruments and lines.

Statior engineering work planned for the eleventh quarter includes the follow-

ing.

(1) Iss%,a a revised specification of the subscriber control set system require-

ments

(2) Condnue work to determine the physical features and layout of the sub-

scriber control sot ,!amp displays, key buttons, and audible tones where
these aftect tne human engineering aspects
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". (3) Start work to determine the engineering fealures ;equired for subscriber

sets with new user requirement3 such as multimode operation, hold oper- S
ation, and.conference operation

(4) Start work to determine the engineering fe..tures required for degraded

operaU.,•n

(5) Start work to determine the simplified station logic unit when associated

with very short subscriber lines (that is, a few hundred feet), and when

located in the same secure area as the switching center

(6) Start work to specify the sequence of operations for various ancillary

devices

(7) Issue a preliminary engineering plan for the analog station and start work

on the detailed system engineeri.ng specifications of the analog station

(8) Continue work on the specification of requirements for the high-speed,

teletýpewriter equipment

(9) Study problems relating to black-and-white facsimile transmission, in-

cluding the testing of the basis for digitizing the signals.

4
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SECTION 5

SYSTEM TESTS AND SYSTEM STANDARDS

During the tenth quarter, effort in this area has been directed tow-Ard (1) early
work oh the Test Model test plan, (2) preparatory work on certain transmission sub-
system engineering tests to be initiated before the Test Model is completed, and
(3) two tasks involving preparation of nlhtary communication system standards.

TEST MODEL TESr PLAN

The Test ModeZ test plan will describe the program of over-all Test Model
system evaluation tests to be performed during the latter part of 1963 after instal-
lation and subsystem testing. The plan is to be completed at the end of 1962. As
stated in the Progress Report ýor the Ninth Quarter. the objectives have been ze-
fined, a tast plan outline has beei, written.. and the principal operating modes and
service conditions have been listed. Eraphasis Is being placed on test objeztives
and procedures that will help to evaluate the over-all performance of the complete
rystem.

TRANSMISSION SUBSYSTEM ENGINEEIUNG TESTS (PRE-TEST MODEL)

System engineering tests will be initiated during the period before the Test
Model is available where such tests are helpful in reaching systems planning deci-
sions. For example, certain tests are desirable to give early demonstrations of
feasibility and others to produce quantitative information needed about the perform-
ance parameters of UNICOM equipment.5 and line facilities.

The tests now planned deal with the transmission subsystems. It is expected
that tests of user reactions to station arrangements wjll be planned later, as men-
tioned in Section 1. The transmission tests have the general objectives of (I) evalu-
ating UNICOM signal processing techniques, and (2) measuring and defining the per-
formance of UNICOM digital terminal equipments as units and in conjunction with
existing types of telephone lines. The following five test areas and the correspond-
ing test objectives have been defined-
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(1) 40.8-kbps digital transmission tests

(2) 2.55-kbps digital transmission tests

(3) Facsimile experiments

0', Voce,.!--d sr-ech tes-,

(5) Log-differential encoding tests.

Early planning or experimental effort has been directed toward each of these
areas. The effort will continue and, in some cases, extend into the Test Model test
period. In addition to the areas listed above, transmission tests at 652. 8 kbps are
desirable and consideration has been given to possible test arrangements, including
the use of an AN/GRC-66 tropospheric scatter radio link.

Digital Transmission Tests

The primary objectives of the digital transmission tests are to gain as much

infor )n as practical on the following:

(1) Modem characterization; i. o., determine performance in the presence of
simulated interference and distortion; for example, the error rate as a
function of signal-to-random -noise ratio

(2) Order of magnitude of the error rate of data transmitted over real trans-
mission facilities

(3) Distributions of both burst lengths and error-free intervals for data trans-
mitted over real transmission facilities

(4) Order of magnitude of envelope delay and attenuation distortion that can
be expected after prescription equalization of multilink combinations of
different facilities.

Data of this nature will be taken over Tesi Model transmission facilities. In the
case of 40.8 kbps, additional tests will be made over a yet undeterniined limited
number of additional commercial facilities chosen to meet objectives (2) through
(4) above.

During the t"nth quarter, effort in the data transmission test area was directed S
to developing the first steps in four-phase data model characterization, to planning
for error recording and data reducing implementation, to procuring commercial
line facilities, and to planning for the AN/GRC-66 tropo radio installation.

The first step taken in connection with four-phase modems was to borrow a
2.4-kbps Bell System four-phase modem, which is currently being" modified to ap- 0
proximate the timing recovery scheme that the Test Model modem design will in-

clude. This modified equipment will be characterized during the next quarter. The
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characterization of final UNICOM designs wiU, of course, have. to await delivery of

the first 'models. Tests are tentatively scheduled for the third quarter of 1962.

Planning for error recording and data reduction will culminate during the elev-

enth quarter in a decision as to the extent of error instrumentation to be imple-

mented. Aq reported for the vinth quarter, the p,ý Žsent arrangements only provide

for recording errors at intervals of 0.2 second. The primary objective of the study
is to compare the cost of (1) utilizing a specia or general purpose computer for data

reduction and associated real-time bit-by-bit error recording instrumentation, with
the cost of (2) implementing special purpose equipment that would reduce the test

data as it is obtained. In (2), the equipment might automatically provide burst-
length distribution in bar graph form. Clearly, (1) is more flexible because all er-

rors are recorded in their real tile occurrence and a permanent record of the de-

tailed test results is obtained. However, It may not be practical to record data on

a bit-by-bit basis at the higher bit rates. In any event, in addition to this fine-grain
error recording, it is presently planned that all tests over live transmission facili-
ties will include the following:

(1) Measurement of the envelope delay and attenuation characteristics

(versus frequency)

(2) Measurement of noise power

(3) Recording of the received signal level including reflection of transrmis-

sion dropouts

(4) Recording of errors at intervals of 0.2 second

(5) A: repetition of (4) for the transmission mode provided for degraded oper-

ation, possibly with circuit equalizers removed

(6) A repetition of (4) and (5) for short test intervals where the transmitted
signal level is reduced by 6 db.

In connection with commrercial line facilities for tests at 40.8 kbps, both dur-

ing and prior to the Test Model system test period, the following conclusions have

been reached:

(1) Leased facilities can be obtained in time to permit transmission tests as
soon as modems become available, In advance of the Test Model system

test period

(2) Envelope delay and attenuation equalization can bý provided as part of the

leased facilities
I

(3) The facilities provided will accept signals modulated on a 30.6-kc

carrier.
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Facsimile Tests

Two areas of facsimile testing are planned. First an evaluation wilt be made

of the use of one-bit or two-bit encoding for the transmi sihn of black -and-white in-

formation, in order to help evaluate alternate propo-ils fue faczinJile transmission

as dp.cri:ed in "ecdon I. Secow', an et :.,'on w 2! - made '. :. e use of four-bit,

log-differential encoding for the facsimile transmuission. The p.'imary objective in

both cases is to disclose inherent problems that may exist and to determine their

solutions. Thus far, a pair of AN/TXC-1 facsimile sets have been set up in the lab-

oratory to evaluate one-bit or two-bit coding of black and white. Circuitry has been

designed and partially implemented to demonstrate one-bit coding.

Vocoded Speech Tests

Present plans for vocoded speech tests include c; ?monstrations and trt.al usage,

limited subjective tests, and experimental transmissions over standard telephone

instrument loops. The tests will provide (1) some measure of the acceptability of

vocoded speech, and (2) information bearing on the matter of analog-to-digital speech

interconnections where an inherent problem arises because vocoding action requires

low-frequeney speech components not passed by standard telephone instruments and

telephone lines.

Thus far, a demonstration fac-zity has been desigaed and partially constructed.

The facility will include provisions for an izaput either from" one talker (through a vo-
coder or direct) or from a recorded tape. Outputs will be provided for up to six
listeners. The facility will also be used in connection with the program of subjective

tests. Later, arrangements will be made to provide for two-way voc -..i ci.'m :-sa-

tions.

Log-Differential Encoding of Speech

Present plans for tests of log-differential encoding include tests and demon-
strations of the synchronizing or framing technique. The primar/ objective is to

verify the acceptabity of the coder implementation.

COMMUNICATION SYSTEM STANDARDS

MIL-188 System Standards Revision

Assistance to the MIL-188 Review Committee continued during the tenth quar-

ter. A complete outline for Chapter 3, covering global communication systems,
prepared in part by Bell Telephone Laboratories and in part by ITT Ccommunication

Systems Company (ITTCS), %-as distributed to the committee members after review
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and concurrence by the t m companies. Bell Laboratories material has been ccm-

plete., i;. first draft ' ,rm for Sections 3. 1 and 3.3 but hI.- not yet been revAewed out-

side the Laboratories. Section 3.2 is the responsibility of ITTCS.

DCA SWitching SL•.,ih. -.

Work was begun during the tenth quarter on a new UNICOM project task. The

task comprises the writing of a set of interim engineering and insta-l"t'oa (E2&)

standards for electronic switching centers, to apply during the time interval 1965-70.

The standards are being written for the Defense Communications Agency (DCA) un-
der the guidance of USASRDL. The standards are to be corapleted in January 1962.

In the document being prepared, standards are presented tc, pecify the capa-
bilities and functions required of switching centers being developed for instalation
as part of the Defense Communications System (DCS) during the above time interval.
The document also deals with the interface characteristics required of the switching
centers in order to permit interconnections with the principal special purpose mili-
tary communication systems that will be operating during the time period.

PROGRAM FOR THE NEXT INTERVAL

Test Model Test Plan

During the eleventh quarter, a preliminary draft of a Test Model test program
will be completed. The draft will include a listing of the real transmission facilities

to be used.

Transmission Subsystem Engineering Tests

During the eleventh quarter, a recommendation will be made as to the instru-
mentation that should be provided for data transmission error measurements. Lab-
oratory characterization tests on the rnodLied Bell Systera 2.4-1bps data riodem will
be undertaken. Requirements will be stated for leased line facilities desired for data

transmission testing in advance of the Test Model system test period, and such tests

will be scheduled.

The work on facsimile encoding will continue in the next quarter. Some re-
suits of the one-bit encoding of black-and-white information will be available.

Effort on the vocoded speech demonstration facility will continue. The facility
will be available during the eleventh quarter for use with recorded tape inputs.

Work will continue toward completion of plans and procurement arrangements
for both commercial and militazy transmission facilities desired for the pre-Test
Model and Test Model test periods.
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.ern Stadards

During the eleventh quarter,* the MINL-188 draft material prepared by Bell Tel-

ephone Laboratories will be reviewed and coordinated with rTTCS and with USASRDL.

The draft ghould be available in revised form for distribution to the flovernment Re-

v:.ev Comminttee by the fz .,i the per.•d.

The DCA switching E&I standards will be completed and sent to the Signal'

Corps for delivery to DCA by 31 January 1962. No work on interim E&I standards

is contemplated beycnd that date.
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SECTION 6

DI,•.GN AND ?IABRICA't00N OF TIE'E TEC.T MODEL

TEST MODEL BLOCK DIAGRAM

Figure 6-1 shows an equipment-oriented functional diagram of the bUNTICOM
Test Model. The diagram identifies the basic subsystems and contains the equip-
ment nomenclature that will be used in succeeding material.

The Test Model will consist of subscriber stations with associated control, an-
cillary, and signal conversion equipment; a switching center composed of equipment

for circuit switching, equipment for assezrbly of store and forward (S/F) messages,
transmission termination equipment, and supervisory control and monitoring equip-
ment; and communication circuit equipment. All equipment will be located at the

Bell Telephone Laboratories, Holmdel, New Jersey, exc.pt for cff-premises trans-
mission circuits. (Figure 6-2 is an artist's concept of the Test Model.)

Figure 6-1 shows two classes of subscriber statious - digital and analog. The
digital stations will be capable of originating all modes of infurmation in synchro-
nous digital form. They will be given secure service; that is, the messages will be
protected by encryption on both subscriber loops and trunks and will be protected
from crosstalk into another message path in the switching center. Analog stations

may originate calls in either analog or asynchronous diktal form. While classified

information may be originated by these stations, the communication system will not

introduce encryption or other steps to protect such information. Such protection, if
desizred, must be provided by the customer through end-to-end encryption.

The switching center will be equipped with two switches. A space-division
switch will be used for the interconnection of analog subscriber stations. A time-

division switch will be used to switch calls from digital subscriber stations, to pro-
vide the flexibility of integrated switchlnZ, and to m~uliplex message channels for

digital transmission. The two switches will have access to each other through con-
version devices so that analog and digital stations can be interconnected. Both the

time-division switch and the space-division switch will have access to the message

S/F unit. The message S/F unit will be modular, providing flexibility for growth in

modular steps.

The time-div:,•ion switch, space-division switch, and message S/F unit will

be controlled by the central processor (CP). Heading data will be processed and
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analyzed by the CP which.will ac. to give the customer the service requested. The
CP s• a special-purpose szjrid prograu device, tailored in its order structure to
the particular processing functions required for control of the system. The use of

a stored program will provide the means for readily changii g the operating princr -

pIcs and doctrines as tesLs on the Test Model progress.

The console group will provide supervisory control, maintenance facilities,

azd attendant operation. There will be access to magnetic tapes and typewriters at

tile Consoies.

The central timing unit will provide all the fundamental timing sequences re-

tywired for modulation, encryption, switching, and multiplexing.

The subscriber transmission termination unit and the trunk transmission ter-

iaination unit will provide the necessary termination equipment for the subscriber

lines and trunks, respectively. They will include:

(1) A data modem, when necessary, to convert binary digital signals to a form

suitable for transmission over digital loops and trunks

(2) Digital terminal equipment to correct time variations over the transmis-

sion medium and differences between the clock rates at the transmitting

and receiving switching centers as well as to generate and supply trans-
mission quality-and status information to the switching center

(3) Encryption devices.

The test control center will provide flexibility for establishing different Test

Model configurations. Transmission termination and conversion units will termi- S
oate on the panel so that four-wire patches can be made to establish the necessary

configurations for the tests.

Both simulated and real communication links will be used in the Test ModeL

Simulated links will be used for tests where actual transmission performance is not

of primary importance. Real links, such as military radio and leased trunks, wilt 5

be used for tests which must include the effects of transmission vagaries. All such

links will be terminated at the patch panel.

The following sections cover the Test Model development, specifying the prog-

ress made and plans for the next interval on all parts of the Test Model. Support-

ing technical reports are provided as appendices in Volume 11,

5
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EQUIP-MENT DEZGN

Du.ring the tenLi quarter, drawl::•3 wer- I- -d for standard molded cir-

cuit cards, terminals, and connectors; for the nest which mounts 32 of these cards;

and for standard rack equipment. (Figure 6-3 Is an artiist's concept of the equipment

design.) S

Component ordering information has beea furnished for approximately 75 per-

cent of the semiconductor devices required for the Test Model. Component order-
ing information has been released for 12 of the general purpose low-level logic pack-
ages. 9

Wiring practices for rack wiring, including power distribution within racks

and rack groups, means for supporting wire, and means for terminating intercon-

necting •iring are under development and will be established early in the next quar-

ter.

S

Genera- Purpose Packages

Flnal electrical designs of all the originally anticipated general purpose cir-

cuit packages for the Test Model have been completed and the designs have been re-
leased for mechanical layout of packages. It is expected that these packages will be
used for all logic a.plications. These packages include 12 low-level logic units in- S

tended for general logic use and 5 units intended for use in the bus system to be em-
ployed in the switching center.

Test specifications for these packages are being written and prelimin-Ary spec-
ifications for eighb packages have been completed and are being reviewed.

A static test set for lbmraory-mcdal packages has been used for testing pack-
ages to be shipped to RCA and ITT. Several humdred general purpose paicuaes have

been tested and released for shipment.

Semiconductor Device Specifications

Of the ten semiconductor devices used In UNICOM, five have been approved
(two by the Navy and three by the Signal Corps) and one has been submitted for ap-

proval. Military specifications have been written for the remaining four and will

be submitted to the military Tor approval.

Wiring Rules

Determination of wiring rules for rack wiring of general purpose logic pack-
ages was completed early in this quarter.

it
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CETITRAL PROCES.:OR

The C2 will include central control, acout 8Ct, or.U of call stornae, aLout
98,000 words of program and translation storage, and contro, for niagnetic Lipe and
typewriter. When duplicates are pro-,de.d, a ,orkix±g C? .can be formed a.i ingo a3s

of each of the abor.. -' ope.-...

The CP is a stored program device which performs routing znd superisory
functions and controls the operation of the t:me-divislon switch, space-dionsion
switch, message S/F unit, and other equipment as appropriate.

Central Control

Central control performs the necessary logical operations to execute the stored
program. It contains the necessary circuits for cross-matching of critical actions
to provide for fault detection. The cross-matching technique permits most equip-
ment malfunctions to be detected within a few microseconds. The decision as to
which units are reconnected following a malfunction to re-form a CP, and the switch-
ing of these facilities, will take place- within a few milliseccnds.

The logic design of the central control is expected to be completed during the
first quarter of 1962. A program has been developed for the IBM RAMAC computer S
which will aid in automatically preparing and checking wiring information. This
program will choose wiring paths andmake certiin consistency checks on the logic
design information.

A study is urder way to deter-ine the procedure and techniques to be used in
testing central control. 'It is expected that this plan will be ampifLed during the next
quarter and specific plans made for a comprehensive test procedure.

Program-Store and Card Writer

The program store, Figure 6-4, provides semipermanent memory for the stor-
age of programs, translation, directory, and diagnostic information. It is being de-
signed as a 9 8,304-word, 44-bit-per-word, random access, word organized, card
changeable, nondestrictuve readout store. Information is stored by the magnetiza-
tion of tiny permanent magnets on a metallic card and is sensed by twistor wires in
close proximity to the magnets. This store requires about 550 circuit packages of

34 different types (13 standard low-level logic and 21 special circuits).

The preliminary circuit designs of all the special packages of the program
store have been completed. Laboratory models of 14 types have been tested or are
under test. Models of t•e-remaining seven types of special packages are under con-
,truction.
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OFF-LINE AOmEcOS TEST
~AAI(ENNCEAND WORD REGISTER

C04TROL SELECTION

U)

ca 17-SIT ADDRE~SS ADDRESS

0 A

FigureD"1TR' 6-.UNCM IrgrmStr

thr ~ ~ ~ igr i6-4.a UestlM pPrso heporms ore ramd Strier

.- The dspo programste card verifer asnsd mowrtemr new ,A " rtesteor to chenge

kiforma~tion previously stored on the magnetz-.ards of the program store. The pro~-

grara store card wrr', zr writes on 128 cards (each card contains 64 words of 44 bits

per word) In one semiautomatic operation lasting about 15 minutes.

A manual card preparztion machine and its associated driving circuitry have

been fabricated and will be used to prepare test cards for the laboratory model pro-

gram store.

Call Store

The call store (Figure 6-5) proriides erasable memory for storing temporary

data. Rt in being desivncd as an 8192-word, 24-bit-per-word, word organized, ran-
dora access, axestructive readout store. The call store will use approximately 400
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Fig~ure 6-5. Call Store

logic and special purpose packages of 29 type-s (18 special and 11 standard low-level

logic). Three of the special purpose packag'es lEave been released for mechanicat

layout.. The design cf the call store will be completed during the next quarter-.

The timing of the sequence cont,'ol has been reatrranged to include a post •vrite
disturb pulse primarily to meet tihe temperature requirements of the call storer. A
stuady is being made of the applicability of the call store design to the messag'• S/'F

4DATA

Also, a preliminary laboratory model oi the call store is being construtcted.

*"Tes ting of this model should start at the end of the elventh quarter.

* SPACE-DIVISION SWITCH

Preliminary apparatus lIsts and schematic and logic diagra'ns are be~ing pre-
pared for all items comprising the space-division switch. These are, scheduled for I

completion during the eleventh quarter.
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Plans have been eompleted which will Varmlt nil units of t!'e space-dlvl:iicn -

switch to communicate with the iCP viA the call store bus'system.

A block diagraw of the space-division switch is shown in Figure 6-6.

Space-Division Switch -,d Control

Design drawingr for an 8-by-8 four-wire ferreed mcdule will be completed in

January 1962. Six models will be built, beginning in February. Four of'these -will

be incorporated in the laboratory model, replacing the two-wire ferreed modules

now installed. The other two are being subjected to envirormental and electrical

tests. Present indications are that the four-wire ierreeds will require approxi-

mately the same drive current as the t-"n-wire ferreeds. If so, it Is probable that

the pulser already developed will be satisfactory for the four-wire application.

Assembly and wiring of the laboratory model of the space-division switch, de- p

scribed in the previous report, is complete to the extent shown below:

A link (including pulser) - 80 percent

C link (including pulser) - 85 percent

Controllers - 25 percent

Space-Division Switch Terminal Circui.W

Preliminary circuit development work is complete for an originating register

employing standard UNiCOM circuits. A laboratory model is currently being tested.

Development is continuing on the application of commercial multifrequency sig-

naling equipment to meet inter-switching center signaling requirements.

Space-Division Switch Signal Distributor

Circuit development of a signal distributor is continuing. The lczgic diagram

is approximately 50 percent complete.

Space-Dlvision Switch Terminal Scanner

A breadboard model of a skeletonized (32-point) scanner has been completed.

Based on laboratory measurements and estimates of cable delay and translation

tire, it has been confirmed that the scanner speed is compatible with that of the CP.

It has been determined that a single type of ferrod unit will be satisfactory for

all lie and trunk scanner applications. This will greatly simplify circuit assign-

ments, office growth, and administration.
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A study is being made of a rev'ted supervisory method whereby customer
supervision Is retained in the line circuit rather than beisig tc-jwzterr,.- .,uccessivFy:y
to an originating register and then to a trunk circuit. This proposed arrangement
seems to offer attractive possibilities for apparalas reduction, ease of administra- 0
tion, and facility for office _rnwth.

TIME-DIVISION SWITCH

The time-division switch, Figure 6-7, provides full duplex switching for 2.4- 0
kbps and 38.4-kbps signals and includes associated terminal circuits, duplicated
signaling and supervisory facilities, and duplicated control logic. In addition, the
time-division switch by programming provides for multiplexing and demultiplexing
up to sixteen 2.4-kbps signals on one 38.4-kbps channel and also provides for mul-
tUplexing and demultiplexing up to sixteen 38.4-kbps signals on one 614.4-kbps chan-
Del.

Time-Division Switch Design

The logic design of the laboratory model is complete and the wiring of the
model wil be completed in the eleventh quarter. The timing generator portion has 0
now had power applied and the circuits are being debugged. The delay line stores
for this model have been delivered. Combined tests of the matrix and stores will
start in the eleventh quarter.

The terminal circuits, which interconnect the time-division switch with the
digital terminating units, are under development. Some of the packages have been •
released for mechanical layout.

In order to meet the Test Model schedu.e, ultrasonic strip delay lines for the
Test Model will be used rather than magnetostriction delay lines. However, investi-
gation of magnetostriction lines is continding for possible future inclusion to save
rack space and possibly to reduce cost.

Considerable progress has been made in developing the control circuit philos-
ophy.

The additional logic for error detection and maintenance has not been com-
pletely determined. A study is being made to achieve the desirable balance between S
programming and equipment in this area.

Signal As3embier/Dictributor

In connection with the revised digital signaling plan referred to in Section 3 of
this report, an investigation is being made of the effects of the plan on the signal
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assembler/distributor de.icribed in the ninth quarterly report. It is expected that

the design for this unit c-in be modi/l, ! to i•ccommcdate V',- revised plan.

CENTYUL PROCESSOR STORED PROGRAMi

The CP stored program will consist of two major divisions - the operational

program and the maintenance program. Preparation of each of these programs will
take place in three phases: (1) preparation of a functional specification, (2) prepa-

ration of program specifications, and (3) design and production of the actual pro-
grams. In addition, certain auxiliary programs must be prepared for use in the

IBM 7090 computer.

Functional Specification - Operational Program

The first draft of the functional specification for the program has been com-

pleted. This specification defines the Lnajor tasks which the CP must perform. It
is expected that, as the need arises, individual sections of the specification will be
reissued to reflect the firming up of Test Model requirements and system hardware

designs.

The section of the functional specification concerning the digital signaling plan
is currently being reviewed in anticipation of the revised digital signaling plan. This
plan uses an eight-bit code in both the message and S-bit channels for signaling on

lines and trunks. The message chz..nel is used for signaling sequences where speed

is important.

Functional Specification - Maintenance Program

To meet the UNICOM maintenance objectives, programs will have to be devel-

oped to implement, in conjunction with hardware maintenance facilities, the function

of fault detection for each of the major equipments in the system.

The necessary tests and hardware fac-Uties for 1!3plementing this function in
the time-division switch, space-division switch, and CP are currently under devel-
opment. The programs and equipment necessary to implement this function for the

S/F module are being developed by ITT.

Program Specifications - Operational Program

During the tenth quarter a study has been made of various methods of organiz-
ing the program system. The objective was to find an organization which would sat-
isfy the real-time requirements and at the same time permit dividing the over-all

6

68



0

job Into units of a convenient size fo." ýý.ecifying, proyraxm•nag, and testing. An

organization that ippeacs to meet these cbjectiv-; has been de,:eloped and is de-
scribed in Appendix 6A.

The CP program has been divided into about 80 smaller programs which con-
trol specific sequene-;- of events. An executive control program controls the se-
quencing of all ccfutrol prograins aud assu& - Lhat jobs are done in an order which
reflects their priority. Input/output operations are controlled by an interrupt pro-
gram.

During the eleventh quarter, work will be started on detailed program speci-
fications.

Program Specifications - Maintenance Program

During the tenth quarter, preliminary work has been carried on to define the
number and approximate size of the maintenance programs required to accomplish 0
fault detection. It is estimated that some 14 programs wiln constitute the mainte-
nance control function and 9 programs the fault detection function.

Protramming - Auxiliary Programs

During the tenth quarter, initial program design and coding has been accom-
plished on some of the routines necessary for the UNICOM utility system. The pro-
grams are being written to operate in the IBM 7090, In the environment of the Bell
Telephone Laboratories Monitor System coded the BE-SYS-4.

The UNICOM utility system will provide control of the intercommunication for
the library maintenance program, the compiler-assembler, and the UNICOM central

processor simulation program.

The compiler-assembler program is currently in various stages of develop-
ment; the status of current work ranges from a preliminary system design (for the
compiler monitor) to active coding and-debugging (for the heart of the compiler),
The immedlate goal Is to provide a compiler which will assemble symbolic UNICOM
programs (including programmer-defined macros) and which will be capable of han-
dling a .i2gher level programming language when such a language is developed.

The library maintenance program will provide the tools necessary to build and
maintain the !ibrary of UNICOM programs and/or subprograms on magnetic tape S
storage. During this quarter, the program logic design, program coding, and in-
itial checkout have been accomplished for the following library maintenance routines:
UPDATE and MERGE, which will provide a means of permanently changing the pro-
gram library; CATALOG (LOG), which provides a means of determining the contents
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of a library tape; and POSITION (PC,•), which pro 7les for posit,•aing a libra.1 tapeto a zi:ecilied" record."

The detailed organization of the UNICOM simulator program and the format of

the control cards have been specified. In this connection, the monitoring fac,);fs .
and c;.uJ&-o *,, aids pT-,-.;:! 4 for by th, simula!, we'e e - Durig '"he quar-
ter, the simulation program for the central processor was flow-diagrammed and is
presently being coded. The program is being written to operate in the IBM 7090
computer, in the environment of the Bell Telephone Laboratories Monitor System
(BE-SYS-4).

MESSAGE STORE AND FORWARD MODULES

The message S/F module will provide multi-address S/F service with speed
buffering for transmission over- trunks between switching centers. This service
will provide for teletypewriter, digital data, and facsimile modes of traffic. Effi-
cient operation of the message S/F module in the UNICOM system will be attained
by relating control function philosophy to the character of the data to be processed.
The heading information will be diverted to the CP for the necessary processing.
Under the control of the CP, the me3sage text will be switched to one of a group of S
logic-controlled S/F modules.- Wired logic will control the handling of data bits in-
volved in the assembly of messages into blocks while the CP will control block and
message routing operations. The design will permit UNICOM switching centers to
be equipped with S/F modules to handle the expected indirect traffic; however, a
minimum of two message S/F modules will be required for reliability.

The message S/F module is being organized as shown in Figure 6-8. It is
being designed to handle abrmt 55,000 bits of input traffic per second and 55,000 bits
of output traffic per second per moduk. The drum storage capacity of each module
can be varied from one to eight drums, and four tape units plus spares will be asso-
ciated with each module. The equipment for the Test Model will include two mes-
sage S/F modules, each equipped with three tape units and one drum unit. The mes-
sage S/F module will consist of six subunits which are discussed in the following
paragraphs.

The major activity during the tenth quarter has beeo related to defining the
message S/F module hardware and dhe CP programs necessary to meet the func-
tional requirements for the UNICOM indirect communication service. A detailed
block diagram of the message S/F module has been prepared. Logic design has
started in several areas where critical timing problems are expected. Procure-
ment specifications for the drum and tape units have been prep2 red and are pres-
entlv being reviewed prior to release for procurement quutitions.
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I1•-jut-Ou.ut Unit

The input-output unit provides the buffer storage between the asz;emblp r Voreand the intra-office trunks connecting the message S/F module to the time-divisionswitch or space-divisien switch. Thirteen d-:p1ex dat:a 'c'lanels wi!" provieed inthe d•,i;n: .ne channel iu: 33.-: kbps and I1 .T:annels for rate, ;P to 2.4 kbps. Thedesign will allow for the addition of 12 channel-, operating at rates up to 2.4 kbps inplace of the 38.4-kbps channel 111 required. For the Test Model, five chanmels willbe equipped for each message S/F module consisting of one 38. 4-kbps channel andfour channels of 2.4 kbps or less. Techniques for priority scanning of these chan-
nels are being investigated.

Mes:sage Store and Forward Control Unit
The message S/F control unit controls single bit operations locally in the mes-sage S/F module by orders generated by the CP. Communication c! orders from theCP to the message S/F module will be via the call store bus, and status informationon the operation of the S/F maiule to the CP will be via the ferrod scanner. Serv-ice reqtests to the CP will also be controlled by this unit. A preliminary ordercode for internal control has tieen J-repared and should be finalized in the ne..t pe-riod. Internal conjmunication within the message S/F module will be hand) ed bytwo bus systems. A 24-bit bus will serve as a comznunication link for data and con-trol words between the assembler store and the other subsystems. A second busfor addressing the assembyer store will link the assembler store address registerand address registers in the other subsystems.

Assembler Store
The assembler store is a high-speed random access memory for word andblock assembly and buffer storage in data transfers between tapes, drums, and theinput-output unit. Control words generated and sent from the CP will be stored inthe assembler store to be used by the S/F control iuit in processing the S/F traffic.Prez'enUy, the feasibility of using the UNICOM ferrite sheet call store design forthe assembler -tore application is being investigated.

Tape Subsystem

The tape subsystem will provide a bulk storage medium for the semiperma-nent storage of messages, for storing active facsimile messages, and for storingtemporarily drum system overflow. The requirements for the tape system havebeen studied and a resulting proposal for the tape system is presently under review.The requirements for special oircuits required in the tape subsystem iare being in-evestigated. 

I
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Drum Subsystem

The drum subsystem will provide for large-volume, rapid access storage for

active messages (except facsinile). MantAl switching will provide access to the

drum units associated with other S/F nioxlules. The procurement specification for

tne i. urn unit ha. been pr, :ared .iu is being reviewed. The requirements for spe-

cial circuits required in the drum subsystem are being investigated.

Maintenance Panel

The maintenance panel will serve an SIF module and give access to critical

data transfer points for maintenance. There will be provision for manual insertion

of test words for checking control and data paths. The panel will act as an adjunct

to the testing routines performed by the CP maintenance programs. Design studies

are in progress.

Programmning

The programming group has been we.king in close cooperation with the equip-

ment design group so that sufficient hardware will be included to allow maintenance

and diagnostic programs in the CP to perform their functions with respect to the

S/Fmodule with maximum efficiency and economy. A study of the requirements for

message retrieval Is being made to determine any special hardware requirements.

The proposed organization of the CP programs is being studied so that a practical

Interface with the S/F programz can be achieved.

CONVERSION GROUP

Voice Analog-Digital Converter

The voice analog-digital converter will convert a speech signal into a four-

digit log-differential pulse code modulation (PCM) signal at 38.4 kbps and -vice versa.

The converter comprises (1) an encoder (Fignre 6-9) that converts a speech signal

(60 to 3750 cps) into four-digit differential PCM at 38.4 kbps and (2) a decodo." (Fig-

ure 6-10) that converts the four-digit differential PCM into a speech signal.

Outstanding features of the proposed design will include:

(1) The application of log-differential PCM, rather than conventional PCM,

to achieve adequate signal-to-quantizing-nois6 ratio Aithin allowed 38.4-

kbps digital rate

(2) The application in the encoder of 'quantized feedback," rather than simple

forward-acting circuitry, to obtain the differential si,,al
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S"" C!RCUITRY

SPULSES

4-DIG:T LOG-
DIFFERENTIAL

p M SE RIA L- TO - PARAU.EL-TO- RECEIV..G OP FILTER SPLEECH
ANALOG AND LF

38.4 XOPS L.4ER CVETRTEATOR tEEdIAI 60-3750

Figure 6-10. Block Diagram of Decoder

(3) The application of low-frequency pre-emphasis before encoding, and low-
frequency de-emphasis after decoding, to provide a low-frequency signal-
to-quantizing-noise ratic "2dequate io operate the pitch channel of a vocoder

(4) The appllcatlon in the encoder of a "switched-network, digit-al-a-time"
method of logarithmic quantization •

(5) The application in the encoder and the decoder of the framing method de-
scribed in Appendix 4A which accomplishes framing without the use of
separate framing pulses.

During the tenth quarter, detailed design of the converter was started. Stand- •
* ard UNIC014 logic packages will be used wherever possible; however, a number cf

special analog circults will require development. An operational integrator has
been breadboarded and is undergoing tests and the design of the other special cJr-
cults has been started. The design and construction of the laboratory breadboard
of the converter is progressing on schedule and should be completed in the next
quarter. An analysis of encoder operation under zero input signal conditions sga
been started.

Vocoders

Six HY-2 vocoders are to be procured from the Philco Corporation. They are
expected to be delivered during the third quarter of this year.

TRANSMISSION TERMINATION EQUIPMENT

Transmission termination equipment will be used in two functional areas -

on trunks between switching centers anc on lines between a switching center and
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Figure 6-11. Transmission Termin'tion Equiprnmnt

subscribers. The transmission termination equipment consists of the following

units as required:

(1) Digital terminal u'it

(2) Key generator and synchronizer

A3) Data modems.

The data modems will ccnvert the digital tdta to and frcm a form suitable icr
transmission. "The digital terminal unit will retime and syn:hronize the bit stream
to the local clock. The key generator and synchronizer will encode and decode the
bit stream and syncnronize the key generators. Figure C-1 I is a block diagram of S
the transmission termination equipment.

Digital Terminal Unit. The digital terminal unit provides a four-wire, full
duplex digital termination capable of processing the send znd receive digital signals
at the switching centers or at subscriber stations. Tho equipment consists of a rate
butfer to remove the time varying effects from thi, received line signal and a termi-
nal control unit to Provide control for the operation of the digital terminal urit.

The rate buffe.. provides storage for compensating for the time varying effec~s
of the incoming digital stream. These effects arise from tie prespnce of variations
in the propag•tion time of the transmission medium and f.on. clock drifts between
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the sending and receiving loacations. In the case of f t-,ef path llerggth subscerl_ 4r
liner., the rA,- bufiA'r will correct for phase differences bet'weenr the incoming digXital
signial and the local clock. During thIs quarter, the effort has been directed at ;er-al-
uating methods of rctiming which will yield trunk-to-trunk srubtraire synch ron z.a tion
with a -. Ilrrn. ui e-quIpment.

The terminal control unit will Insert In the transmitted digtal signal and ea'-
tract froma the received digital sIgnal the control bits to control the operation of the
digital terminal unit. Clear frame bits will be CheCked tr, determine loss of fr.m-
Ir.g, encrypied frame bits will be checked to monitor the operation of the key gener-
Ltotr; and parity bits will be checked to indicate. the error rate encountered in the
transmirssion facility. The terminal control unit will correlate status r~ports frorn
Ai3e modem, the rate buffer., and the key generator to determine the appropriate ac-

Ition rec'uired to refranme the Incoming digital sigrval or to resynchronize the key
generator. These status reports will be summarized ari transmitted to the CP for
appropriate action in controlling aind mAnu~nar~ng the facilities between switching
centers. A study ol die logic Involved In correlating the status reports to Initiate
Appropriate action and the 4ornurt of the summary information to be sent to the CP
Is being conduacted.

Automatic framing -will be required of all triinks and lines in which time vari-
ations can occur. A study of time shared refraining equipment as opposed to "per
unit" refraining equipment Is being conducted. in the case of lines hiaving fixed pa&,
length, techniques for manual setting of the framning cirrnults are being Investigated.
The studly of frame loss detection ta continuing. The probability analYsiS which
yields mean tIme to f rarne loss detection has been~ re~vised to Include two clear frame
bits per frame rather than one.

Key Generato -r Synchronizer", The key gazerp'±or n'yiiroflizer IS Used to
synchronize model iKG- 13 key gener-Ators In a four-wire system from a start-up.condition or to re-establlsh synchronizadon if it is lost during operattoni. After
verifying synchroniuzat~on, It releaes#~ the terminal equipment for digital traismis-
sion to the switching center or subscriber.

Modifications of several commnercially i-alaiabile unitZs ultable for this appil-
cation are being considered. Information on the ACF Industries, Jac-., Auto-Check
Unit has been received and is b~eing studied and evalhated.

DataM.odem. A basic M~mod Is being designpd for d--e at both 2. 55 and
40.akps. The modemn is hased on the Bell System 21011 set as described In the
ninth quarterly report. The major differences 16etween the 201B3 znd the new design
are:
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(1) Use of an accurate cloick for remnote locations cont rolled from a c ntral4

point aad able to hold Its frequency througn an liw.-ruptlora In the control

signal

(2) A vew equipment layout to meet the WNCnM- desigrn sta- 'Ards

(3) Additiona! ccnirol and monitoring features required for the UNICO

system.

The specification for the z1rodern design has been completed and the detailed

design of Liew features for the UNICOM modemn will be undertaken in the eleventh

quarter.

CENTRAL TI.MIGUNIT

The central timing unit supplies ail the basic timing sequences required for

modulation, encryption, and supervision in tWe switching center. The timing se-

quences will. be furnished continuously without phase oi- frequency discontiuiltles.

Tc Insure operation under these conditions, duplicate circu.itry, parallel paths,
signial mixing, and other me~thods for improving reliability will be used.

The centra3 timing unit is composed of the following ma~jor subsections:

(I) Master oiscillator section

(2) Synthesizer section

(3) Distribution section.

Master Oscillator. During the tenth quarter, several techniques for Achieving
reliable operation of the master oscillator were evaluzted. As .ý. result, of this study,

the basic frequency of 5.2224 mc will be developed by a comibiration of two rubidium

.ktonmlc frequency standards and a crystal nsclllatcr. The statbility of the units will
be better thaa five parts In 104) To maintain this degree of accuray ndt pevn
phase discr%-pancies from appearing at the outputs of the individual oscillators, the

* three osc~likaors will b-- phase-locked (Figuire 6-12). The two rubidium standards
will be used as the primary and secondary control stages. Failure of one or two of

the oscillators will not cause the output of the combination to fall below the minimum

amplitude required to drive the synthesizer. Suitable alarins will be provided to in- 0

dicate oscillator failure to the operating persoanel.

Synthesizer Saction. The syndtiesizer portion rif the central'Umixing unit gener-

ates (lie various frequencies required in the switching center. All synthesizer stages
will be triplicated to Insure the same degree of reliability for each output frequency.

Each of the triplicated cztages ,vill be monitored and an alarm signal will be provided

to iindicate kil.-functions in any of the three stages to the operator. Equipments Nvill
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S

be supplied timing signals on a direct feed basis from each of the synthesizer count-

down chains. Any vote-taking arrangements to provide reliable signals will be done
at the receiving equipment. Studies of the synthesizer and the associated signal
distribution problem during the tenth quarter resulted In defining the interface be- S

tween tie central Umia.:ig unit and .X. recelu'ing equipment3. It has been decld--d that
the central timing unit will provide square wave outputs to the various equipment
areas. Any translation functions required to obtain short duration pulses for spe-

cific equipments will be implemented in the receiving equipment side of the inter-
"face. This arrangement Insures that tight tolerance waveshapes are available at

the equipment areas and that changes in timing signal requirements of specific areas
can be accommodated without drastically affecting the design of the central timing

unit.

Since the time-division switch requires the tightest tolerance on timing sig-
nals, the synthesizer will be designed to meet these requirements. The central
timing unit will be physically located as near to the time-division switch as possible
in order to maintain the tolerances over short lines.

Distribution Section. A distribution system will send the various timing fre-
quencies throughout the central office. Buffer amplifiers will be used to eliminate
interaction between equipments receiving the same frequency.

In an effort to decrease the distribution problem, the use of a tandem distri-
bution system is being investigated. The clock signals will be coupled from the

central timing uait to remote distribution centers located in the various equipment
areas by a minimum number of long lines. Distribution to the Individual equipments

from the remote distribution center will be over relatively short lines. The size of
the secondary distribution system required will be a function of the amount of equip-

ment in the particular area. This arrangement would- insure a high degree of flexi-
bility for switching center growth from minimum to maximum size.

S

CONSOLE GROUP

The console group now envisioned for UNICOM will consist of an attendant's

position, a supervisory position, a maintenance position, and necessary ýquipment

to connect these consoles to the CP. Fig-ire 6-13 Is a block diagram of the equip-
ment for the Test Model. Provision will be made to add additional attendant's con-

soles, teletypewriters, and typewriters to the console group a3 needed for each
new office.
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Attendant Console 4
The proposed design for the attendant's position appears In Appe;,dix 6B which

covers a description of the controls and displays and how these are used by (ne ttU-
tic attendant irt pedormirg the call-handling functions. Ti"= tcafflc atte.nidant's ccn-
sole wfl:. .&ea cord'ass position at which call3 requiring attenlion wihi ze r:z.eived
one at a time from the CP in an order determined by precederce and call-flling time.
The attendant's position will be able to handle both voice and teletypwriter calls from
digital and analog subscribers and from non-UNICOM subscribers. A keyset on the
console will permit the attendant to set up all necessary preamble heading codes for
the originating calls.

Supervisory Console

A supervisory console will be provided to permit the supervisor to monitor
office and trunk:traffic and to exercise the necessary control for maintaining a satis-
factory grade of service. It is expected that a design proposn__ for this console will
be completed during the eleventh quarter. This proposal will cover the display ard
control of local traffic and traffic on trunks radiating from the center.

Maintenance Console

A maintenance console'will be provided to indicate system faults and to aid in
their detection. A design proposal will be prepared and development of the mainte-
nance console will be started during the eleventh quarter.

Console Group Control

Logic design of the conference bridges, parallel signal distributor, office In-
tercom system, and console headsets will be completed du, ing the eleventh quaxter.

DIGITAL SUBSCRIBER STATION

The digital subscriber station will consist of an auxiliary unit with separate
subscriber sets for each mode of communication, e.g., voice, printed narrative,
facsimile, and data. Figure 6-14 is a block diagrar- of the digital station. The
auxiliary u~tit will be housed in a single closed rack and will consist of the data 0
modem, digital terminal unit, key generator-synchronizer, station power supply,
station logic unit, and converters as required, e.g., vocoder or PCM analog-to-
digital converter. Figure 6-15 is an artist's concept of a digital subscriber station.

0

82



AUXILIARY UNIT i

GEN•ERATOR

tSET

S ... SATIN • DIGITAL CO M"mIC.,ATtCN

.. - LOGIC TEPMINAL O CIRCUITS
* . .. UNIT UNIT

POWER
CONVERTERS SPL

Figure 6-14. Digittl Subscriber Station

Station Logic Unit

The functions of this unit are to control the co: .ection of a single subscriber
line to one of several (a maximum of ten) subscriber sets, to control the connection
of conversion devices where appropriate, to encode the subscriber-set-initiated
commands into standard UNICOM signaling codes and to perform the inverse func-
tion of decoding, and to insert and extract the supervisory signaling codes from the
outgoing and incoming digital streams. The major effort during the tenth quarter
has been concentrated on conducting a comparative cost study on the station logic
unit for three proposed signaling plans. The results will be used to aid In the choice
of a signaling plan.

Subscriber Sets

The subscriber sets will permit the subscriber to sign•l and communicate
with the switching center. The subscriber set will consist of manual controls for
initiating calls, visual indicators for displays, audible alerting signal devices, and
a telephone handset if the mode of communication is voice. Panel layouts for both
the voice and ancillary device modes have been prepared and are being reviewed by
the human factors engineering group. Mock-ups of the subscriber sets will be pre-
pared in the eleventh quarter. A study of interface requirements between the sub-
scriber set and the station logic unit is being conducted to determine the best tech-
niques for minimiing equipment and interconnecting cables.
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Figure 6-16. Power System

Station Power Supply

DC power for use iri the subscriber station will be obtained from regulated

power supplies connected to a local ac power source. Failure of the local ac power

would remove the station from service until an en.-rgency power source could be

connected but would not affect any other part of the system.

POWER SYSTEM

Equipment In the UNICOM switching center will operate from a central storage

battery source. This battery will provide adequate reserve in case of power failure

and will be operated "full float." Figure 6-16 is :, functional diagram of the power

system.

The common battery will provide the required two basic voltage supplies:

-48 volts and +24 volts. These are the nominal voltages .of a 24-cell and at12-cell

lead acid storage battery, respectively. These batteries will be operated as a non-

regulated system and will be fboated by normai charging devices and maintained

during float at a nominal voltage, of 2. 17 volts per cell.

8

85



In addition to these main voltages there will be auxiliary power sources such

as a -130-volt battary for teletypewilter use; gener.l1 use ac power for convenience
outlets, blowe,-s, and lighting; 400-cycle power for drunts; and a special source ei
"no break" ac power for supplying certain special pieces of equipment during time
of power fall -,e.

Also, the logic circuitry which Is used requires a large amount of dc power
at +4.5 * 0.5 volts. A study of how to supply this power resulted in a decision to
olbtaln It from the +24-volt dc power source and reduce the voltage by means of

transistor dc-to-dc converters. This Is the most efficient and least expensive
means of obtaining the desired power.

The selection of appropriate rectifiers, control bays, and batteries will be
completed during the eleventh a,•'ater. Also, a detailed plan of power distr.bution
will be completed durin;; that period. •

COMMUNICATION CIRCUITS

The requirements for transmission circuits for the Test Model are being ex-
plored. The procuremenc of the necessary circuits for use in the Test Model test S
program is under way.

Two troposcatter radio sets will be purchased. After a study, it was agreed
that AN/GRC-66 radio set, with suitable modifications, would be adequate for the
UNICOM tests. These sets, as modified for troposcatter operation, hayv a range
of about 100 miles. They have an FM power output of I kilowatt. The frequency 5
range Is 1700 to 1900 megacycles and 4400 to 5000 megacycles with a Z-db noise
figure at the lower band and 4-db noise figure at the higher band.

The main distributing frame to be used at the transmission link terminals has
been selected. During the next quarter, plans will be made with the commercial
telephone companies for subscriber loops and long distance trunks to operate at
transmission rates of 2. 55 kbps amd 40.8 kbps.

TEST CONTROL CENTER

The test control center of the Test Model will provide a central point for co-
ordinating and observing test activities. As now planned, it will be adjacent to the
switching center equipment room. The master patch board, which displays and
controls the Test MoC.l's configuration and equipment assignments. will be in the

control center. Two subscriber's stations will also be located in the area.

8
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Alt.'ough the test control center Is primarily for technical coordination, it is

aLso a vantage point for observatiun and use of the system. Room will be provided

for chArt3, dlagrams, and displays that wIll contribute to effective demonstrations

as v.'?ll as to the engineering tests. Figure 6-17 is an arti3t's concept of the pro-

posed test control center.

TEST EQUIPMENT

Data Generator/Receiver

The data generator/receiver is a test Instrument for determining the bit er-

ror rzdes on UNICOM circuits as shown in Figure 6-18. It generates repetitive

messages up to 100 bits long at rates of 2.4 and 38.4 kbps. The messages are

either transmitted o- used for comparison at a receiver loca t ton. Transmitted and

received messages are compared bit by bit and the errors are counted. Two data

generator/receivers have been received and are being used in laboratory tests.

Facsimile Transmitter-Receiver

An order has been placed with the Westrex Corporation for two GXC-4 fac-

simile sets. Each set consists of a transmitter and a receiver capable of high-

definikion recording of a 3-1/4-by-4-1/2-inch copy on folaroid material. Certain

modifications to the GXC-4's will be required to permit trastmLssion with base-

band signals at the two different line data rates of the proposed digital stations.

Negotiations for these modifications are under way and they will be ordered as soon

0 as agreed upon.

Printed Narrative Equipment

The follbwing teletypewriters have been received as government furnished

equipment for use during the Test Model program.

Six AN/rGC-25 Teletypewriter Sets. These are sending-receiving. page

printing, typing reperforators, and tape transmitters for fixed plant stations and

communimations centers. These sets will be used at the Test Model analog sta-

tions.

Six AN/FGC-58 Teletypewriter Sets. They are substantially the same as

the AN/FGC-25 except tMat they are manufactured by a different supplier. These

sets will be used at the Test Model digital stations.
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TEST MOUE L EQUIP1M•..NT 1NTE•-G1ATION !,.OGRAM

Design Stardards

The Test M, del will be designed :.-d built by sever-*, different organizations. 5
In order to control the deslg.o, a r.. .al, UNICOm -- Des!.-n P, quiremcnts and
Practices, has been prepared. T"e purpose of this manue is to present under one
cover as much data as practical, pertinent to standardizbig design and preparing
manufacturing information. This manual is intended to reflect all basic require-
ments and instructions imposed by the controlling specifications for the UNICOM •

system.

"!be progress made during th'a tenth g3uarter on tha rarious sections of the
design handbook is as follows.

Additional information and revisions to existing material in Section I were 0
made to the drafting guide. This material includes schematic symbols and sample
logic diagrams. Also released was a description of the manufacturing Information
to be prepared by subcontractors. It specifies the type of drawings required and
the control of drawing numbers.

A release of Section HI was approved and distributed. Thi contentL; include k
over-all equipment characteristics, genera design requirements, and electrical
power.

A release of Section IV was approv:12 :_nd distributed. The conitents Include
a presentation of the UNICOM logic package, both a general description and logic
schematLc of 16 packages, and a listing and catalog of approved semiconductor de- 0

vices.

Presently being worked on or awaiting review are the following topics:

(1) Wire and cable and associated soecifications

(2) Capacitor and resistor specifications

(3) Finish specifications.

PROGRAM FOR THE NEXT INTERVAL
S

Vork planned on the design and fabrication of the Test Model for the eleventh
quarter Lc of the following nature. The electrical design will proceed on the de-
velonm-cnt of the circuits by means of laboratory breadboard models. The objec-
tive of aids work is to produce circuit schematics in detail. Part of the total re-
quired schematics are scheduled for completion during the eleventh quarter with
the balance expected to be completed during the twelfth quarter.
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The t4uipment englneering work will proc -ed on the design of all standard -
hardware and will .* irt on the d- ji:n of those specific itam3 on which the informa-
tion for the schematics is completed durir.g the eleventh quarter.

"Specfilc details of the eleventh quater program for development of the Test.
Mlodel tidve been noted ai ý,: tL of continuLig ,:,ort under the diacu.j2on of the
particular items In this section.

91



CGNFE~L;'•NCES

Date: 3 October 1961

Place: Bell Tel:jinone Laboratories, Whippany, N. J.

C.) -,ai; _ations tRepresented: BTL, USASRDL

Sub±ect: Central Control for UNICOM Switching

Resume: The results of a study of the capability of UNICOM central control to

handle both clrcuit-switchM'd and store and forward calls were presented. The con-

clusion of the study was that the proposed design is adequate with respect to real

time occupaucy, order repertory, program storage, temporary storage, and com-

munication with peripheral equipment. p

Date: 4 October 196'

Place: Beil Telephone Laboratories, Whippany, N. J.

Organizations Represented: BTL, USASRDL

Subject: Design Requirements and Practices (T. M.D. Conf. #12')

Resume: A discussion was !ield on material submitted previously as a draft on
this subject and comments were accepted by Jell T'lephone Laboratories for fur-

ther study.

Date. 6 October 1961

Place: Bell Telephone Laboratories. Whippany, N. J.

Organizations Represented: BTL, USASRDL

Subject: Survivability Considerations S

Resumr- Results of survivability calcu: 'tlons for UNICOM Phases I and 11 were
presented. Consideration was also given to the enhancement in survivability pro-
vided by the STARCOM network. It was agreed that the Phase I study should con-

tinue to give primary consideration to cold war conditions.
S

1Number assigned out of sequence.
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Date: 9 (tXober 1961

Place: USSP.DL, Fort Monmouth, N. J.

O.,anizations Represented: BTL, USASRDL

Subject: Transmission of Facsimile at 2.4-kbps and 38.4-kbps Data Rates

Resurge: A proposal for the transmission of facsimile requiring multilevel gray
scale definition between digital stations operating at 2.4-kbps and 38.4-kbps data
rates was presented and discussed. The possibility of transmitting facsimile re-

quirLng only black-and-white definition was also discussed.

Date: 13 October 1961

Place: USASRDL, Fort Monmouth, N. J.

Organizations Represented: BTL, USASRDL

Subject: Test Model Data Modems and Pre-Test Model Test Program

Resume: Data modems planned for the Test Model were discussed. Similar four-
phase, single-carrier designs have been proposed both for 2. 55-kbps and 40.8-kbps
rates. The four-carrier, four-phase design and the FSK subscriber loop modem
are being dropped. Several Items in a pre-Test Model test program were con-
sidered. Extensive tests at 40.8 kbps are planned, with relatively fine-grained
measurements of error statistics. Tests at 2.55 kbps over many facilities will
primarily confirm feasibility of the method. Tests on HF radio, tropospheric
scatter, and submarine cable also have been proposed.

Date: 17 October 1961

Place: USASRDL, Fort Monmcuth, N. J.

Organizations Represented: BTL, USASRDL

Subject: Work Statement for Proposed HF Radio Studies to Be Made on Subcontract

Resume: A draft of a work statement for HF radio studies was discussed for the
purpose of arriving at agreement on the contents of the proposed work statement.
It was agreed that the work would normally be divided into five general categories.
Detaxis-'of thc items were agreed upon. The material is to be redrafted and sub-
mitted to USASRDL for approval.
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Date: 19 October lIU61

Place: The Pentagon, Waýh,',-.ton, D. C.

Organizations RepresciteeI: ACSD, E<±, L

Subject, Implementaticn Plan for Phase I

Resume: The results or the Phase I implementation study were presented. It was

agreed that preliminary copies of the material presented would be furnished for 0

study by USASPJDL and ACSD. It was also Lndicated that extension of this plan to

Phase ]1 should not be undertaken until the Signal Corps has had a chance to study

the Phase I results.

Date: 25 October 1961

Place: Bell Telephone Laboratories, Whippany, N. J.

Organizations Represented: BTL, USASRDL

Subject: Modems and the Time-Division Switch (T. M.D. Conf. #9,

Resume: Development of modems and the time-division switch was discussed. The

work will ', -ontinued as indicated in the discussion.

Date: 1 November 1961

Place: USASRDL, Fort Monmouth, N. J.

Organiz2tions Represented: BTL, USASRDL

Subject: UNICOM Security - Subscriber Installations

Resume: A discission of subscriber station problems involving security pro-

"visions was held to establish an agenda for a conference with NSA and ASA on

3 November 1961. S

Date: 3 November 1961

Place: Be'l Telephone Laboratories, Whippany, N. J.

OrganizatiLns Represented: ASA, BTL, NSA, OCSigO (R&D Dlv.), USASRDL

Subject: UNICOM Security - Nubscriber Installations

T.asume: A review of the changes in UNICOM concepts for subscriber stations was

presented and the ilt,.xd security provisions were dlscusseL

9
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Date: 8 November 1061

Place: Bell Telephone Laboratories, Whippany, N. J.

Organizations Represented: BTL, USASRDL

Subject: Voice A/D Converter, Signal Assembler/1"istribut6r, and MSF (T. M. D.
Conf. #10)

Resume: Development of the voice analog-dig;tal converter, the signal assembler/
distributor systera, and the message store and forward unit were discussed. The
work will be continued as indicated in th -; cussion. 0

Date: 14 November 1961

Place: USASRDL, Fort Monmouth, N. J.

Organizations Represented: BTL, USASRDL

Subject: Effects of Nuclear Detonations on HF Radio Transmission

Resume: USASRDL presented a history of the studies on this subject to date. The
effects of high altitude nuclear bursts upon the radio communication system were
discussed. Arrangements were made to have certain documents available at Mon-
mouth transmitted to Bell Laboratories. References to specific classifiEd reports •
of recent dates, through July 1961, were obtained.

Date: 16 November 1961

Place: USASRDL, Fort Monmouth, N. J.

Organizations Represented: ASA, BTL, NSA, OCSigO (,R&D Dlv.) USASRDL

(ComSec)

Subject: UNICOM Communication Security

Resume: Communication security aspects of subscriber stations and of store and
forward message handling at the switching centers were discussed. 9

Date: 17 November 1961

Place: USASRDL, Fort Monmouth, N. J.

Organizations Represented: BTL, USASEA, USASRDL

Subject: E&I Standards for Electronic Switching Centers

Resume: Discussion of the E&I standards to be written by Bell Telephone Labora-
tories was held. Agreements were reached regarding the contents of the standards,
review of the standards by Bell Telephone Laboratories beginning 1 January 1962,
final review by USASRDL beginning 15 January 1962, and submission of the completed
document to DCA on 31 January 1962.
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Date: 17 Noyamber 1961

Place: USASRDL, Fort Monmouth, N. J.

Organizations Aleprf-senled: Bendix, BTL, USAAMAA, USASRDL 0

Subject: UN ICOM-Advent Interconnection

Resume: Bendix proposals for modification of Advent to work with UNICOM were
discussed. A proposed arrangement for a UNICOM-Advent trunk was discussed.

Date: 17 November 1961

Place: USASRDL, Fort Monmouth, N. J.

Organizations Represented: BTL, USASRDL

Subject: UNICOM Connections Via Advent Links

Resume: Proposed types of key generators to be used on UNICOM-Advent links
were discussed.

Date: 22 November 1961

Place: BeUl Telepbhne Laboratories, Whippany, N.J. J

Organizations Represented: BTL, USASRDL

Subject: Review of Systems Engineering Work on Switching and Signaling

Resume: A brief review of the current work in this area was presented with em-
phasis on such items as the choice of switching matrices, maintenance and re-
liability objectives, signaling plans for interswitching office trunks, and error
control methods for the store and forward traffic.

Date: 27 November 1961

Place: Bell Telephone Laboratories,-Whippany, N.J. J.

Organizations Represented: BTL, USASRDL

Subject: Subscriber Stations

Resume: Miscellaneous contractor proposals in the areas of ancillary devices,
station arrangements, service features, and subscriber control sets were reviewed. 0
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Date: 30 Novemnberl.1-'3

Place: Bell Telephone Laboratories, Whippany, N. J.

Organizations Represented: BTL, US;ASRIJL
Subject: Central Processor System (T. M. D. Con!. # 11)

Resume: Organization oi the central processor system was presented and dis-
cussed. Work in this area. will continue as indicated in the discussion.

Date: 6 December 1961

Place: Western Union Telegraph Co., 60 Hudson Street, New York, N. Y.

Organizations Represented: BTL, USASR.DL, ACSD, Western Union

Subject: ComLogNet

Resume: A presentation was made of the CornLogliet message switching system
by Western Union for the benefit of Bell Telephone Laboratories re*rsonnel who are
writing E&! standards for electronic switching centers. Of primary interest was
the interia':e problem between ComLogNet and other military communications
systems.

Date: 7 December 1961

Place: International Electric Corporn. ton, Paramus, N. J.

Organizations Represented-. ACSD, BTL, IEC, ITTFL, USASRDL

Subject: 465L Comma.-d and Control System

Resume: A presentation was made by [EC of the 465L command and control sys-
tem used by SAC. The purpose was to help in the writing of E&I standards for
electronic switching centers in DOS. Of primary interest was the interface prob-
lem between 465L and other military communications systems.

Date: 14 December 1961

Place: Bell Telephone Laboratories, Whippany, N. J.

Organizations Represented: BTL, USASRDL

Subject: Environmental Control (T. M.D. Conf. # 13)

Resume: Problems of environmental control were discussed with the aid of the
resule of a recent comparative study of different size switching centers. Physi-
cal arrangement of UNICOM equipment packages was also discussed as was a pro-

posal to use a seven-foot standard rack.
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Date: 15 IN.cember l161

Place: USASRDL, Fort Monmouth, N. J.

Organizations Represrnted: BTL, USASRDLJ

Subject: User Needs

Resume: The subject of user needs was reviewed and a number of questions were

raised. Discussions followed on various pertinent topics: automatic message ac-

counting, recording requirements, the hold feature, handling STARCOM PN mes-

sage headings, PN conferences, allocated circuits, and analog users.

Date: 18 December 1961

Place: USASRDL, Fort Monmouth, N. J.

Organizations Represented: Bendix, BTL, USASRDL

Subject: UNICOM-Advent Interconnection

Resume: Technical characteristics of UNICOM-Advent interface were discussed

further.

Date: 19 December 1961

Place: ITT Federal Laboratories, Nutley, N. J.

Organizations Represented: BTL, ITTFL, USASRDL

Subject: UNICOM - AN/GRC-66 Scatter Radio Terminals

Resume: Terminals, packaging, transmitter power, frequency bands, antennas,

traffic capacity, PCM equipment, EACP order, and remote switching were dis-

cussed. ITTFL Installation, service, and inspection of components in the process

of manufacture were also considered.

Date: 20 December 1961

Place: Bell Telephone Laboratories, Whippany, N. J.

Organizations Represented: BTL, USASRDL

Subject: Attendant's Consnle (T.M.D. Conf. #14)

Resume: The design proposal for the attendant's console and the maintenance and

reliabaity guideline for the developmert of the Test Model were discussed. Work

in this area will continue as indicated in the discussin.
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Date: 21 December 1961

Place: USASRDL, Fort Monmouth, N.J. .

Org:ai.: tt:ons Repreaented: BTL, RCA, USASERDL

Subject: HF Radio Transmission Studies by RCA

Resume: Discussion of this subject centered on the following items: (1) deter-

mining the relative importance of the Various parts of the work statement and (2)
determining the means for obtaining access to reports on pertinent classified sub-

jects. In addition, the answers were procured to a series of technical questions

which formed the basic agenda for the meeting.
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KEY PEIRSONNEL

Here, briefly, are the technical backgrounds of the people who joined the
UNICOM project in 2 supervisory capacity during the tcnih quarter.

L. H. BEZER, WECo, received a Bachelor of Electrical Engineering degree
from the Polytechnic Institute of Brooklyn. He huis done graduate work there and
at Fairleigh Dickinson University. During his 25 years in the Bell System, he has
supervised work on radar systems such as the SCR 547 and 545, radio coumunica-
tion systems includi.,g AN/TRC-24, and carrier commvnication.systems used in
rommercial installations, as well as such radio sets as the AN?/TRC-3, -5, -7,
and -1I. He most recently was in the Air Defense Engineering Services (ADES)
branch of Western Electric Company. This work, in the Transmission Engineering .

organization, established communication requirements for the SAGE system. Work
in Engineering Coordination involved supervishig coordination of analyses of In-
compatibilities at interfaces between SAGE radars, digital data, communication,
and computerized subsystems.

J. H. HELFRICH, BTL, holds a Mechanical Engineering degree and an MS
degree in Electrical. Engineering, both from Stevens Institute of Techmology. He has
11 years of design experience, the last seven of which have been with Bell Tele-
phone Laboratories. His work has included design and development of vacuum

* tubes, digital systems, and data transmlsslon systems.

L.. M. SMITH, BTL, holds a BS in clectrical engineering from the University •
of Washington, an MS in mathematics from Stevens Institute of Technology, and is
a graduate of the Bell Telephone LaLoratorles Communications Development Train-
ing Program. [huring his 10 years with Bell Telephone Laboratories, he has worked
on the development of AN/TSQ-7, -8, and -36 Coordinate Data Sets, CV-424/FSQ
Digital Data Converter, AN/ASW-i4 Digital Data- Communications Control Set, and
the AN/TYA-13(V), -14, and -15 Digital Data Sets.

The backgrounds of other key personnel were given in previous UNICOM
quarterly reports.
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